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PREFACE 


The compilation of this book has been undertaken with two 
objects in view: first that it should constitute a manual for 
students of building construction, which is, after all, the primaly 
object of all such books, and secondly, that it should be a useful 
book of reference for practising architects and builders. It has 
been my aim to make the book as comprehensive as possible, 
realizing at the same time that if the matter were elaborated to 
its fullest there would be enough material available to extend 
almost each chapter into a full-length book. 

I have also striven to make the book as practical as possible, 
drawing considerably on my own experience, and describing the 
methods of construction as they are actually carried out in Aus¬ 
tralia, rather than some ideals that for economic and other rea¬ 
sons are impossible of achievement. When theory could be safely 
omitted I have done so, using only such formulae as are absolutely 
necessary for the proper understanding of construction methods. 
Though the subject of structural mechanics and design has been 
touched on, it cannot be discussed fully in a book covering the 
entire field of building construction, and it is intended that 
these chapters should serve as an introduction only, and as sup¬ 
plementary to standard works devoted to structural mechanics 
alone. The same may be said of the chapters on house drainage 
and plumbing, and heating and ventilation. 

It is obvious that a book covering so comprehensive a subject 
cannot be the work of one hand. I have not hesitated to draw 
on all available sources for information and for checking in¬ 
formation. I have to acknowledge considerable help from the 
Council for Scientific and Industrial Research, the Division of 
Wood Technology of the Forestry Commission of New South 
Wales, and the Standards Association of Australia, many of the 
tables and other information having been taken from the publi¬ 
cations of these bodies. I am also grateful for the help afforded 
me by several manufacturers in connection with the properties 
and uses of their products. 
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Foreword 


American methods and to adapt standards in use in those coun- 
tries—a process which, however sound in tradition, leaves much 
to be desired in the elucidation of building problems under Aus- 
tralian conditions. 

In technical colleges, trade schools and universities throughout 
the Commonwealth of Australia the need has long been felt for 
textbooks that could explain normal methods in terms of 
local building regulations and codes, and involving the use of 
materials common in those places. 

This textbook on building construction compiled by Mr W. 
Watson Sharp is a praiseworthy and successful attempt to over¬ 
come a big part of the deficiency. The entire field of Australian 
building construction is so vast that it would take several volumes 
to cover it all in detail. Nevertheless, this is a compendium which, 
I have no doubt, will satisfy many of the needs of students as 
well as being a useful book of reference for architects, builders, 
craftsmen and home-makers. 

The author has made the most of unique opportunities pre¬ 
sented to him by the peculiar nature of his daily work as architect, 
editor and critic. He has closely investigated many examples of 
new works that in the aggregate may be regarded as modern 
Australian buildings embodying the latest methods of construc¬ 
tion and “finish”. 

In the course of his work he has analysed the advanced ideas 
of leading Australian architects and builders, the trial efforts of 
building experts with new ideas, the manufacture and use of 
new building materials and proprietary “lines”, and has seen 
the usual building materials used in new ways. This has provided 
him with a useful building philosophy which, though by no 
means an uncommon possession, is a good mental background 
for an architect and the author of a work on building con¬ 
struction. 

The author intends to amplify the scope of this textbook 
from time to time, as opportunity offers. A large standard text¬ 
book on Australian construction is very much in demand. In 
congratulating him on having done something particularly useful 
for students of architecture and building, I would say he has 
gone a long way towards the accomplishment of that ideal. 

Myles J. Dunphy 

Department of Architecture and Building, 

Sydney Technical College, 

September, 1945. 
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CHAPTER 1 

FOUNDATIONS AND FOOTINGS 


The dictionary definitions of the terms foundations and footings 
are, for the former, “the basis or lowest part of a structure; 
groundwork . . and for footings, . . projections from a 
wall . . For the purposes of clarity, the definitions adopted 
by the Department of Architecture and Building at the Sydney 
Technical College are to be preferred. The foundation is taken 
to mean the stratum or natural material on which the building 
rests, and the footings the basis or lowest part of the structure. 
Footings under a wall are known as strip or continuous foot¬ 
ings and those under a pier or column are termed blob or island 
footings. 


The Site 

As a building is designed as it is built—from the footings up— 
the selection and examination of the site are of extreme import¬ 
ance. The architect should be consulted before the site is pur¬ 
chased, and he must fit himself to give an expert opinion on the 
question of its suitability. He will be interested principally in 
its accessibility for building purposes and the supply and de¬ 
livery of materials, the proximity of the necessary services, and 
the bearing value of the site material. 

Other aspects, not quite so practical, will influence the pur¬ 
chaser, or building owner. If the land is for a residence he will 
be swayed by such considerations as view; if for business purposes, 
proximity to railway service, or perhaps a river bank, will be 
important. If, therefore, the nature of the site is such that build¬ 
ing will be difficult and costly, the architect must make his report 
to such effect, and the client must decide whether the other 
desirable features will compensate for this. 

Tests. A general examination of the selected site to determine 
its contours and physical features is made before sketch plans 
are commenced. When these are approved and instructions to 
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proceed with the working drawings are received, exact levels 
are then required. 

It will also be necessary to ascertain the exact nature and 
bearing value of the site material, and where the first examination 
of the site suggests difficult conditions, tests should be made at 
once and before the purchase of the site has been completed. 
In districts where building activity has recently been engaged 
in, or where the architect has had previous experience, the 
general characteristics should be easily obtained. But in unknown 
ground, or where a building larger than, say, a two-storey 
residence is planned, test holes will be necessary. 

Observation of the site and surrounding country, and experi¬ 
ence, will show how many of these should be sunk. In some cases, 
holes in diagonal corners of the area to be covered by the build¬ 
ing will be sufficient, but if the site is large or dips in the strata 
are suspected, more holes will be required. A little money spent 
at this stage might well mean a lot of money saved later. 

Bearing Value 

The bearing value of the site material can be determined as soon 
as its nature is ascertained. There are several methods of arriv¬ 
ing at this, but the table of values adopted by the Australian 
authorities is generally accepted in preference to individual 
tests. This provides that when a special test of the sustaining 
power of the soil has not been made the pressure upon the 
ground shall not exceed the figures shown in the following table. 


BEARING VALUE OF FOUNDATIONS 


Nature of ground 

Pressure in tons 
per square foot 

Sound rock (other than shale) 

20 

Sound shale rock. 

8 

Natural compact gravel . 

6 

Hard clay or ordinary compact gravel 

4 

Confined clay, confined sand, mixed 
clay and sand, or ordinary soil .. 

2 

Soft clay, or wet or loose sand .. 

1 


If the sustaining power of the material has been tested, regu¬ 
lations require that the pressure shall not exceed three-fourths 
of the sustaining power of the material. 
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Foundations and Footings 

Sound Rock. This is, of course, the safest and best of all bearings, 
and is to be found at a reasonable depth in many parts of 
Australia, notably in the coastal cities, to which heavy buildings 
requiring solid rock bearings are almost entirely limited. As the 
modern method of frame construction for tall buildings concen¬ 
trates the structural loads at several points instead of distributing 
them evenly over the full area taken up by the building, it 
becomes essential that footings are carried down to solid rock. 

The authorities require that the rock be tested by jumper 
bar or pneumatic drill below the depth at which it is intended 
to build the footings. For the maximum value of 20 tons per 
square foot to be permitted, the test must show a further depth 
of 6 feet of rock without seams. With 3 feet of rock without 
seams, a loading of 10 tons per square foot will be permitted. 

Sound Shale Rock. Shale disintegrates under the action of the 
atmosphere, so for footing’s on this type of bearing to be successful 
it is necessary to sink them to a depth below that subject to 
atmospheric influences—from 3 to 6 feet according to the nature 
of the top soil. The bearing power of shale consequently in¬ 
creases with the depth of the footings below the surface of the 
ground. 

Natural Compact Gravel. Being incompressible, gravel makes 
a good foundation bed, provided that all possibility of scouring 
by the action of water is eliminated, and that the gravel is con¬ 
tained. A thin cement grout is an excellent preliminary pre¬ 
caution. 

Hard Clay. Clay is a site material frequently met with under 
Australian building conditions, and while it has a reasonably 
high bearing value, many failures have resulted through build¬ 
ing on clay. Atmospheric influences cause considerable move¬ 
ment of the clay to a depth of about 6 feet, resulting in cracks 
in buildings during long spells of dry weather. A building may 
crack badly under certain weather conditions, even though no 
cracks at all have shown for years after its erection. These cracks 
invariably close up again when the reverse weather conditions 
are experienced. 

There are two methods in everyday use for building on clay. 
The more successful is to keep the footings as near as possible 
to the surface of the ground so that the clay is not disturbed. 
Trenches are flooded overnight before the footings are laid and 
a bed of sand is put in the trench before the footings material, 
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The other method is to sink the footings to a depth of 6 feet 
or more so that their bearing is not affected by weather con¬ 
ditions. (See “Pier Foundations.”) 

Clay on sloping ground can be dangerous on account of the 
possibility of erosion. Steps must be taken to prevent the building 
from slipping if it is necessary to use such a site. 

Sand. Sand by test generally shows a greater weight bearing 
value than the foregoing table would suggest, but it is important 
that the sand is dry—or not more than slightly damp—and con¬ 
fined. It loses its value if subject to movement through the 
presence of more than the minimum of water, or if on the slope 
of a hill or similar position where its loose granular composition 
will cause it to drift gradually away from around and under 
the footings. These sites can be rendered quite satisfactory, how¬ 
ever, if the sand is confined by means of sheet piling. 

Black Soil. Trying conditions for building are encountered on 
the fertile Australian plains, generally known r,s black soil plains 
and red soil plains. Here the material expands and contracts 
under atmospheric influences even more than does clay. Con¬ 
tinuous cracks as much as 4 inches wide are not uncommon in 
dry weather, which can continue on occasion for three or four 
years or more. 

Foundations are calculated on the basis of a bearing value of 
i ton or less per square foot and the bottom of the trenches 
covered with a good bed of gravel before the foundation material 
is poured. The spread of the footings is usually so great that 
reinforced concrete is the only practicable material. An area for 
at least 10 feet all around the building is covered with gravel 
or paving to limit atmospheric influence for the maximum 
possible distances from the foundations. 

Soft Clay, Wet or Loose Sand. This type of site should be 
avoided if at all possible, but, as suggested earlier, there are 
sometimes other advantages which, in the opinion of the build¬ 
ing owner, outweigh this disadvantage. In cases where the 
material can be loaded to 1 ton per square foot as in the table, 
no great difficulties should be met, especially if sheet piling is 
used to confine the material. 

Silt and Mud. The same general remarks as for wet sand apply 
here, but such sites are frequently met with in riverside con¬ 
struction. Wide semi-raft, reinforced concrete footings, calculated 
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Foundations and Footings 

°n a very low bearing value, may be satisfactorily employed for 
a |ight structure; but for a building of any weight at all, piles 
driven or lowered down through the mud to a firm bottom offer 
the only solution. 

varied Bearing Values. The most troublesome sites from the 
Point of view of foundations are not those where the soil is soft, 
but where the bearing value of the site material varies over the 
area the building is to occupy. Settlement is inevitable if the 
building is erected on any of the foundation materials except 
sound rock or sound shale rock. This settlement is of no con- 



Fig. 1. Drains and Trench Timbering. 


sequence providing it occurs evenly throughout the entire area 
occupied by the building. It is only uneven settlement that 
produces building deformation, causes cracks and sometimes 
results in building failure. 

On some sites it is found that sound rock is near the surface 
at one part, while soft soil or some other material covers the 
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remainder of the site. As it is imperative that the whole of the 
foundations rest on material with the same bearing value, the 
soft material must be excavated down to the rock, no matter to 
what depth it is necessary to go. Fissures in the rock may be 
bridged over with reinforced concrete beams, or if the rock is 
very deep over a large area of the site, pier foundations, as de¬ 
scribed later, may be used. 

Subsoil Drainage 

Sites that are low-lying and damp will require a system of subsoil 
drainage. This is installed before the footings are placed, so 
that the ground will be in the condition in which it is most 
likely to remain. If the footings are built while the site material 
is damp and it is then drained and kept drained, failure of the 
footings is likely to result. Various methods of forming such 
drains are shown in Fig. 1. 

When a floor or portion of a floor is below the level of the 
ground outside the building, as on a sloping site that is parti¬ 
ally excavated, a porous pipe or similar drain is necessary outside 
the building, below the level of the excavated ground under the 
floor. In the case of concrete basement floors, further porous 
pipe drains will be required under the floor. On sites in cities 
and where the building extends right to the building line, 
outside drains are not possible and the drains under the floor 
must be relied on to do all the drainage. Wherever possible, 
however, it is a great advantage to trap seepage and subsoil 
drainage water outside the area occupied by the building. Where 
levels do not permit of this water being drained away, it must 
be discharged into a sump or drainage pit from which it can be 
pumped out. 


Footings 

Width of Footings. The width of strip footings is determined by 
calculating the exact weight per foot run that is transmitted to 
the foot of the walls and dividing the weight in tons by the 
bearing value of the site material in tons. The result is the 
width of footing that is required under a foot run of wall. In 
the case of piers, storey posts or structural columns, the weight 
is calculated using each pier, post or column as a unit. The 
result is the total area of footing required under that unit. 

Except in the case of tall or heavy buildings, the weight to be 
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sustained is invariably found to be considerably less titan the 
bearing value of the site material when the latter is sound rock. 
Walls or piers can thus be built straight off the rock without any 
footings at all. 

Regulations. On site materials other than sound rock it will 
generally be found that the calculated width of the footings is 
less than the minimum prescribed by the various Australian 
building authorities, so that the ruling of the ordinance must 
be the governing factor. This makes it necessary to use the 
weight of the building and the width of the footings as fixed 
factors, and from them to determine a nominal bearing value 
for the site material, so that all footings can be designed with 
equal unit pressure to avoid the risk of uneven settlement. 

Thus, if on ground with a bearing value of 4 tons per 
square foot it is found by calculation that the heaviest section 
of wall requires footings 18 inches wide, but the ordinance 
demands footings 24 inches wide, then all the footings for the 
building must be calculated on an assumed bearing value of 3 
tons per square foot. 

The regulations require that the projection at the bottom of 
the footing on each side of the wall shall be at least equal to 
one-half the thickness of the wall at its base, and the height from 
the bottom of the footings to the base of the wall shall be at 
least two-tliirds of the thickness of the wall, with a minimum 
of 9 inches (Fig. 2). Councils have the power to vary this ruling 
in regard to the depth of footings in the case of reinforced 
concrete. 

Reinforced Concrete. Reinforced concrete should make the best 
footings, as by its nature it should become one homogeneous 
mass, with the reinforcement distributing any unequal loading 
or compensating for unequal bearing values of the site material. 
It is very important that the reinforcement is properly laid in 
the correct position. Constant supervision should be given at this 
stage of the work. It is also of extreme importance that the 
composition of every batch that comes out of the mixer is exactly 
the same. It is here that the human element creeps in, and most 
failures of reinforced concrete footings can be traced back to 
this point. 

For residences and other light buildings, the footings required 
by regulation will again invariably prove greater than those 
required by calculation. These are: for 11-inch and 9-inch walls, 




Fig. 2 . 


Footings. 













































































Foundations and Footings 9 

22 inches wide by 9 inches deep; and for 4^-inch walls, 18 inches 
wide by 9 inches deep. For two-storey buildings, the same widths 
by 12 inches deep are required. Reinforcement as set down is: 
for 22-inch footings, four 4-inch diameter mild steel bars placed 
2 inches from the bottom, and three finch diameter bars 1| 
inches from the top; and for 18 -inch footings, three finch 
diameter bars at the bottom, and two finch diameter bars at 
the top (Fig. 2 ). Most structural engineers, however, prefer all 
bars to be the same diameter—usually finch—and a minimum 
bottom cover of 3 inches, to resist damp penetration and the 
subsequent oxidization of the reinforcement. 

Brick Footings. Brick footings, built in cement and reinforced 
with bondwire, are found to be eminently suitable in the 
majority of cases. They are practicable, however, only when a 
moderate width of footing is needed, as the increase from the 
base of the wall to the full width at the bottom of the founda¬ 
tions is achieved in 2 finch offsets. It can readily be seen that 
the number of courses required to effect anything more than a 
moderate width would soon make this system of footings clumsy 
and unwieldy. Reinforced brick footings have been used with 
marked success in bad clay country. 

Brick footings required by regulation are: for 11-inch and 
9 -inch walls, one 23 -inch course, two 18 finch courses and one 
14 -inch course; and under 4 finch walls, one 18 finch course, 
two 14 -inch courses and one 9 -inch course. In the case of two- 
storey work, one additional course the full width of the com¬ 
mencing course is required in each case (Fig. 2 ). 

Stone Footings. Stone footings are sometimes desired on account 
of their appearance, or may be used in districts where stone is 
more readily obtainable than other materials. They are not 
recommended for use on ground other than sound rock, hard 
sound shale, gravel or hard sand. 

The stone footings required by regulation are: for 11-inch and 
9 -inch walls, one course composed entirely of through stones 22 
inches wide by 12 inches deep, and thence 18 -inch work; and 
for 4i-inch walls, one course of through stones 18 inches wide 
by 12 inches deep, and thence 12-inch work. 

Pier Footings. Where it is considered desirable to carry the 
footings of a building on rock or hard shale, and this bearing is 
at such a depth below the surface of the ground that the com¬ 
plete building up of the walls from the bearing would be too 
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costly, pier footings are used. Pier holes are sunk to the rock 
or shale and are filled with concrete, while reinforced concrete 
beams are used to span between the piers. The brickwork is then 
built up off the beam foundations (Fig. 2). 

The size of the piers is calculated as previously explained, 
and when their length necessitates it, they are reinforced as 
columns. As there is a minimum area in which a man can work, 
the holes, especially when deep enough to necessitate more than 
one “throw” to the top, may become much larger than the area 
of footing required by the calculations. 

In some instances, such as in clay country, piers are taken 
down to a depth of 6 feet or more on the assumption that, 
being below the level affected by atmospheric influences, a stable 
foundation will result. Experience has proved that this method 
is rarely worth the expense. 

Column Footings. In a frame building, or where the floors are 
supported or partly supported on columns or storey posts, the 
latter are usually carried on concrete pads or pedestals which 
extend from the foot of the column, generally the lowest floor 
level, to the top of the footings. When the offset from the column 
base or the pad to the outer edge of the footings is more than 
one-half the depth of the footings, the latter must be reinforced. 
Similarly, if the concrete pad is more than a few feet in depth, 
it also must be reinforced and designed as a column (Fig. 2). 

It is important in all footings that the weight is placed 
centrally on the footing, and in the case of columns symmetrical 
footings are particularly desirable. If this is not practicable, but 
the centre line of the column is within the middle third of the 
footing, the average intensity of pressure on the site material 
must be reduced to one-third the value given in the table. 

Timbering. In soft ground, where there is seepage, in sand, or 
for other causes, it is often necessary to timber footings exca¬ 
vations and trenches. There are several methods of timbering 
in common use, two of which are illustrated in Fig. 1. 

Piles. Piles to form foundations in bad ground are driven by 
means of a falling weight, called a “ram” or “monkey”, operated 
by being raised on a tower-like structure and then permitted to 
fall on the head of the pile. Piles are of round timber, sawn 
timber, or reinforced concrete (Fig. 3). 

Many of the Australian hardwoods are suitable for piles, iron- 
bark and turpentine being especially so. Timber piles are pointed 





Fig. 3. Piles and Piling. 















































































































12 Australian Methods of Building Construction 

and, when it is considered necessary, shod with steel shoes. 
Wrought-iron collars about 3 inches wide by £-inch to f-inch 
thick are secured around the head of the pile to prevent splitting 
or “brooming”. The heads of the piles are cut off to a uniform 
level when driving is completed, and are covered with a grillage 
of reinforced concrete. The heads should either be cut off below 
water level, or a casing of concrete should protect the heads of 
the piles from below the water level. 

Reinforced concrete piles are shod with steel shoes and pro¬ 
tected by a metal helmet with a sand cushion inside it while 
being driven; or they may be sunk through sand by their own 
weight and the assistance of a water jet. In this method, a pipe 
is secured at the side of the pile and bent at the foot to discharge 
at the point. The jet of water temporarily changes the sand into 
slurry and allows the pile to sink. As an alternative, reinforced 
concrete piles are sometimes formed in position by means of 
caissons, and wherever possible, these are sunk to a sound bottom. 
Where this is not possible, piles with an extended base (Fig. 3) 
are recommended, although these are rarely used in Australian 
practice. With these, the caisson is placed in position and 
cleaned out. A cambering machine is passed down through the 
caisson and expanded at the bottom under pressure. It is rotated, 
withdrawn and the loosened material pumped out. The rein¬ 
forcement is then placed in position and the concrete deposited 
and rammed. The bearing area of the pile is increased many 
times by this method. 

Sustaining Power. The following is the most widely used formula 
for calculating the sustaining power of piles when an ordinary 
drop hammer is used: 

2 W H 
~ S + 1 

When a steam, pneumatic or similar quick-action drop hammer 
is used the formula is: 

p __ 2 W H 
S + 0-1 

P z= Safe bearing pressing per pile in tons. 

W rz Weight of ram in tons. 

H m Height of fall of ram in feet. 

S = Penetration in inches of pile under the last blow of the ram. 

It is important that the head of the pile is sawn off before the 
last blow is made so that the ram will fall on sound timber. 
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Sheet Piles. Sheet, piling is used to prevent lateral escape of soft 
soil, particularly sand, or clay on a hilly site. Guide piles are 
driven first at suitable intervals and are connected with waling 
pieces (Fig. 3). The sheet piles are driven alongside and secured 
to the waling pieces. In some cases the waling pieces are fixed 
in pairs to the inner and outer faces of the guide piles and the 
sheet piles driven between them. Sheet piles are shod and 
shaped so that driving will tend to force them close to each other. 
The edges are sometimes grooved to make a more perfect fit. 
Sheet piling may also be done in steel, a special clutch section 
being rolled for this purpose (Fig. 4). The standard clutch is 
used in conjunction with 12-inch by 5-inch I-beams, and is 
shaped to grip the flanges of adjacent beams. 

Old Footings. When building over the site of some previous 
structure, it is sometimes possible to effect some saving of money 
by utilizing old footings. These should be availed of where pos¬ 
sible, but care must be taken to see that they are on the same 
stratum as the new footings and loaded to exactly the same 
extent. 



Fig. 4. Steel Sheet Piling. 
































CHAPTER 2 

MASONRY 

Stone is one of the oldest of building materials, its use dating 
back to the time when man began to seek something more sub¬ 
stantial than bark for his dwelling place. It is still used in its 
original form as a structural medium in places where it is found 
on or near the building site, and where there are transport or 
other difficulties connected with the securing of other building 
materials. But the cost of working and handling, combined with 
structural limitations, has, generally speaking, resulted in stone 
being used in modern building almost exclusively as a facing 
material in conjunction with some other structural medium. 

It is also much used for garden and ornamental walls, and 
paving, for which uses it has unsurpassed decorative possibilities. 

Building Stones 

Imported stones have been used in Australia, especially marbles 
for interior facings, but the continent generally is well supplied 
with a wide range of stones suitable for building purposes, and 
new quarries are constantly being opened up. There are three 
main rock formations which yield building stones. These are: 
(i) igneous, (ii) aqueous or sedimentary, and (iii) metamorphic. 

Igneous Rocks. These are of volcanic origin, having been sub¬ 
jected to great heat and forced up to or through the earth's 
crust. This classification is sub-divided into three groups, which, 
with the principal stones in the groups, are as follows: Orthoclase 
rocks , including granite, porphyry, trachyte and syenite; plagio - 
clase rocks , including basalt, dolerite and diorite: olivine rocks , 
consisting of olivine, augite, hornblende and mica. 

Granite, porphyry and syenite are all exceedingly hard to 
work, but are very durable. For this reason they are used to face 
the bases of buildings, with a cheaper stone above; for steps 
which will be subjected to heavy wear; and similar purposes. 



Masonry 

Red granite is now the most frequently used, on account of its 
rich colour, especially when polished. Trachyte is also very haul 
and durable, and is used for much the same purposes as the 
granites. 

Plagioclase rocks and olivine rocks are rarely used except in 
the immediate vicinity where they are quarried. 

Aqueous or Sedimentary Rocks. This classification includes rocks 
that have been formed by sediment from the destruction of 
earlier rocks, or the remains of plants or animals, being deposited 
in water or air. It covers the stones most used in building, prin¬ 
cipally limestones and sandstones. 

Sandstone is classed as a “sedimentary rock of fragmental struc¬ 
ture” and contains quartz, mica, glauconite and other minerals 
cemented together by one of several natural matrixes. It is an 
easily worked stone, of pleasing colour range, varying from white 
to brown-red, fairly durable, and much used for the facing of 
buildings and for trim or dressings in conjunction with brick¬ 
work. Most of the sandstone used in Sydney and suburbs is 
quarried at either Gosford, Wondabyne, Waverley or Pyrmont. 
All are good quality stones which weather well and respond well 
to steam cleaning when this is necessary. 

Of the limestones, several are valuable for building purposes. 
Oolite, pisalite and travertine are much used. Gypsum is used 
in the manufacture of cement and plaster, hydraulic limestone 
in cement. Dolomite, composed of carbonate of lime and car¬ 
bonate of magnesia is also a useful building stone. 

Metamorphic Rocks. Rocks which have been changed from their 
original structures, the agent being either heat or pressure, come 
under this classification. The principal metamorphic building 
stones are marble (limestone subjected to both heat and pressure) 
and slate (a sedimentary rock with laminated structure changed 
by the action of pressure). 

Marble . Most limestones hard enough to polish are known as 
marble. Until quite recently most of the marble used for interior 
wall facing was imported, but the opening up of quarries in 
widely separated parts of Australia has revealed many marbles 
that in beauty, durability and working qualities, compare very 
favourably with imported stones. 

Slate . Like marble, much of the slate earlier used was imported, 
although in South Australia, Tasmania, Victoria and New South 
Wales excellent slate is obtained. 
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Selection of Stones. In selecting a stone for building the following 
are the characteristics which should receive consideration: 
general structure, fineness of grain, compactness, porosity and 
absorption, weight, appearance, seasoning, natural bed and 
weathering. 

The general structure, as defined under the main classifications, 
will determine whether the stone is suitable for an exposed or 
an inside position. The fineness of the grain will determine its 
suitability for working, especially if carving is to be done. The 
compactness or density of the stone has considerable bearing on 
its durability. Porosity and absorption are very important. A 
stone that is too porous will be liable to decomposition and 
disintegration. Mitchell gives the general rule that after twenty- 
four hours* soaking in water sandstones should not absorb more 
than 10 per cent of their volume of water, limestones not more 
than 17 per cent and granites not more than 1 per cent. As for 
appearance, colour is a clue to durability. As a rule a paler 
stone is more lasting than a darker one of the same variety. 
Brown shades are generally due to the presence of oxide of iron, 
which may lead to rust stains and disintegration. 

Stones should be worked straight after quarrying, but should 
then be exposed to the atmosphere to season and allow the 
quarry sap to dry off before being laid in position. Seasoning- 
produces a hard and durable surface, which is ruined if the 
stone is worked after seasoning. Stones should be laid in their 
natural bed, except in the case of strings and cornices with 
undercut mouldings, when the laminae should be placed ver¬ 
tically, and arch stones, when the laminae should be placed 
parallel to the centre line of the voussoirs and at right angles to 
the arch face. The weathering qualities of a stone can only be 
determined by the examination of stone from the same quarry 
in a position where it has been subjected to the action of the 
weather over a known period. Destruction of stone is caused by 
the elements, stresses and wear. The first, called the weathering 
qualities, is dealt with above. Stresses are a matter of construc¬ 
tional design in avoiding the placing of undue loading on stone 
performing structural duty. Wear applies only to paving and 
steps. 

Types of Mason^ry 

Stone walling may be divided into two distinct classes, namely 
Rubble and Ashlar. Rubble is further sub-divided as follows: 
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random rubble, dry rubble, random rubble in courses, squared 
rubble, squared rubble in courses and coursed rubble (Fig. 5). 

Rubble. Random Rubble . This is composed of stones of irregular 
size and shape, laid to fit to each other without any working, 
spalls, or small stones, cement being used to make up deficiencies 
at the joints. “Through” stones are required to give strength, 
and a good mason can achieve a form of bond. 

Dry Rubble . This is random rubble laid dry, or without cement 
mortar. This requires greater skill in laying than a cemented 
wall, but if well done is surprisingly strong. Its principal use is 
for garden walls. Sometimes the top course is bedded in cement 
mortar to form a binding coping and prevent rain water from 
working through and damaging the wall. 

Random Rubble in Courses . When stones similar to those used 
in random rubble are laid so that they come to a level course at 
frequent and usually regular intervals, this is called “random 
rubble in courses”, or “coursed random rubble”. Squared or 
ashlar quoin stones are generally used, and these determine the 
height of the courses. 

Squared Rubble. This is a development of random rubble, the 
stones used having been previously squared to give level beds 
and perpendicular joints. More semblance of coursing than in 
random rubble is achieved, but the courses are very short, some¬ 
times not more than two stones in length, and they are con¬ 
tinually broken by taller stones or snecks. This type of wall can 
also be packed dry, making quite a satisfactory job if well done. 
Squared Rubble in Courses . This is a development of random 
rubble in courses, squared stones of irregular size being used. 
Coursed Rubble. In this work the stones are squared and are 
selected so that they are laid in courses, with the size of the 
courses varying. 

Book Leaf. This is a modern development in which the stones 
are laid in regular courses 3 inches high or less, and is much used 
for garden walls. The lengths of the stones may vary consider¬ 
ably, but the courses do not. 

Ashlar. Sawn stones are used in this work, each stone having at 
least five sawn faces, and six when the stones are the full thick¬ 
ness of the wall. It is generally used as a facing only with a 
backing of rubble or brickwork, as it is expensive. Variations 
in the height of the courses are frequently adopted to avoid a 
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Fig. 6 . Masonry Trimmings ancl Dressings. 































































































































































































































































20 Australian Methods of Building Construction 

mechanical effect, and the stones may vary in length. Occasion¬ 
ally, ashlar work is laid up with courses of the same height and 
all stones cut exactly the same, arranged as either Flemish or 
English Bond in brickwork. 


Mortar 

Cement mortar is used in laying stonework, joints being invari¬ 
ably thick in rubble work and thin in ashlar. Much less water 
is used in mixing the mortar than is the case for brickwork, as 
stone is considerably less porous. Various methods of pointing 
are adopted. In the case of sill stones, steps and similar stones 
which do not have the same weight bearing on them for the full 
length, it is important that they should not be bedded solid, or 
fracturing is almost certain to result. They are bedded at the ends 
and pointed up along the outside. 

Finish 

Many different finishes are used for the exposed face of the 
stones in ashlar work (Fig. 6). When granite or trachyte are 
used they are frequently polished, as this brings out the full 
beauty of the stone. The stone may be smooth sawn, clean 
chiselled, or chiselled and rubbed smooth with stone and water. 

Rock-faced stone is, roughly, the stone as it came from the 
quarry in the days before saws were installed. This is generally 
used in conjunction with some sort of margin treatment, either 
smooth or tooled, and varying in width from 1 inch upwards. 
Sparrow-picked face is one that has been brought almost smooth, 
but which still retains the tool marks. Furrowed face is, as its 
name implies, worked to a series of small furrows. Vermiculated 
and reticulated are also well described by their names. 

Joints 

In good quality masonry, several methods of jointing are used, 
with a view to strengthening the work where more than ordinary 
strain is brought to bear on it. 

The course joggle is used in stone stair landings and similar 
places. It consists of a projection in one stone resembling a tenon 
in joinery, which fits into a recess, or mortise, in the adjoining 
stone. 

A joggle in the bed joints is used when the masonry is subject 
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to lateral pressure, and is usually of granite, slate or other hard 
stone, half the joggle being recessed into each course. 

Cement joggles are also used to prevent lateral movement and 
are the simplest forms of joggle. They are half-round or V- 
shaped sinkings cut into the ends of adjacent stones, forming 
a key of cement mortar. 

Dowels are used for securing mullions to sills, the various 
stones of mullions and columns, wood frames to stone sills and 
in many similar instances. Shaped dowels (Fig. 7) are used in 
the best quality work, but galvanized pipe dowels are more 
commonly seen. 

Cramps are also used to bind stones together. They may be 
either of metal run in lead, or of granite, slate or hard stone. 

Dressings and Facings 

Dressings. Stone is frequently used in conjunction with brick¬ 
work or other building material as a dressing, to provide archi¬ 
tectural features and relieving colour. The basic reason for 
this is economic, as stone is usually too expensive a material to 
use for the whole structure. Uses of stone as dressings are shown 
in Fig. 6. It is not suggested that all these uses should be 
crowded into one small section of a building, the object being 
to illustrate the maximum number of uses on one diagram. 

Stone Facing. Owing both to the cost of stone and to modern 
methods of building construction, the greatest use of masonry 
now is to face buildings in which some other material—steel, 
reinforced concrete, or brick—is the structural medium. The 
stone facing is applied in slabs ranging in thickness from 2 
inches to 4 inches, with greater thickness for features and bonding 
stones. Australian quarries turn out an excellent range of stones 
suitable for this facing work. Building regulations do not per¬ 
mit the stone to be taken into consideration when the thick¬ 
ness of the wall for structural considerations is determined. It 
is regarded solely as a non-bearing facing. 

Several methods of securing the facing to the structural por¬ 
tion of the building are in general use, two of the most successful 
being shown in Fig. 8. These employ bonding stones in one case 
and angle shelf supports in the other, both two to each storey. 
In each case copper wire anchors are built into the structural 
material at levels to correspond with the stone courses, and are 
turned down into mortises cut in the top of each stone. A dowel 
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Fig. 8. Stone Facing. 


from the same mortise fits into a corresponding mortise in the 
bottom of the stone above. Anchors and dowels are grouted in. 

Where bonding courses are used, these courses are at least 
4 inches thicker than the general facing and, as they are generally 
used with brickwork, brick sizes are taken as the standard. 








































































































































24 Australian Methods of Building Construction 

Angle shelves are secured to rag bolts built into the brickwork 
or concrete. 

There are various methods of treating heads, sills, external 
corners, jambs and other features. Three methods of treating 
heads are shown in Fig. 8. 

Terra-cotta Facing. Terra-cotta is now frequently used for facing 
work. Its chief advantages are that it is not affected by the 
weather, it is available in a range of colours, it is easily handled, 
and should prove more permanent than the soft stones. 

It is composed of a clay body with a vitreous surface glaze. 
Selected clay is carefully blended, ground with a percentage of 
burnt clay termed “grog”, which is included to correct warping 
during burning, and then mixed in a pugmill with water. This 
plastic is then stored to mature. The matured clay is pressed in 
plaster moulds and then dried. The blocks are sprayed with a 
glaze medium and burnt in kilns of a temperature of 1250 degrees 
C. There is invariably a slight variation in colour, but this is 
considered an advantage, as it avoids monotony. 

The fixing of terra-cotta facing is very similar to the methods 
employed for stone. An angle shelf is bolted to the structural 
material at each floor level, one being sufficient to carry the 
facing for a height of up to 12 feet. Elastic mastic is used in 
setting the course immediately below the shelf, ensuring an 
expansion joint at each floor. 

Copper wire anchors built into the structural material are 
used in conjunction with brass dowels as the anchors described 
under “Stone Facing”, or may be used to secure mild steel rods 
on the face of the structural material, to which the terra-cotta 
is secured by further copper wire anchors. Methods of fixing are 
shown in Fig. 9. 

Pre-cast Stone. This is made with an aggregate of natural crushed 
stone mixed with cement and is very useful for ornamental 
features. Its colour can be controlled, so that any natural stone 
can be matched, and it can be worked or moulded to any face 
used in masonry. Lifting rings built into the stone assist in 
handling large units. 

Terrazzo. This is a very old material now in common use for 
floor treatments and occasionally for walls. It is made with marble 
chips, white portland cement and colour pigments. A great 
variety of colours may be obtained, both by the selection of 
colour in the marble chips and in the pigment. Terrazzo may 
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be pre-cast, but when used as paving is laid in situ and machine 
polished to a perfectly smooth surface. Brass strips are used in 
determining patterns. 

Scagliola. Scagliola is a synthetic marble, applied in a plastic 
state less than ^ inch thick, or in tiles. It has characteristics of 
its own and is not merely an attempt to imitate marble. 



Fig. 9. Terra-cotta Facing. 













































































































CHAPTER 3 

BRICKWORK 

Bricks. The brick is probably the most universally used o£ all 
building units. Bricks have been defined as “blocks of argil¬ 
laceous earth of convenient size for handling and bonding, made 
from plastic clays by moulding and burning”. Australia is 
fortunate in possessing widely distributed deposits of suitable clay 
in great quantities. 


Materials 

Clay. Clay is seldom found in its pure state and there are great 
variations in the constituents of different clay deposits. Thus 
there is a great variation in the products of the different brick¬ 
yards, and even, at times, in those only a few miles apart. The 
presence of certain impurities in the clay, provided they are not 
in excess, is an advantage. Silica and alumina are the essential 
constituents, while lime, magnesia, iron oxide and alkalis are 
generally present. Common salt is one of the most injurious 
impurities that can be present in the clay, others being iron 
pyrites and organic matter. 

In building brickwork, the units are bonded together so that 
the maximum strength can be obtained. The units are laid in 
either lime or cement mortar, which .cause them to adhere to 
each other and bind the whole into a sound structural body. 

Lime. The lime used for building purposes is the resultant of 
limestone after burning, or calcining. The process is compar¬ 
atively simple, and there are two methods * in general use- 
continuous and intermittent calcination. The former is the more 
economical, but the latter produces a more evenly burnt lime. 
The carbonic acid and water are expelled during calcination, 
the result being quicklime. When water is absorbed again the 
lime is slaked. 

There are three main divisions or classifications of limes. 
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These are (i) pure or rich lime, (ii) poor lime, and (iii) hydraulic 
lime, of which there are several sub-divisions. The first shrinks 
considerably during setting and never sets hards, the second 
slakes more slowly and is not so soluble, but is really of little 
more value for building purposes. The third, hydraulic lime, 
is much to be preferred. 

Portland Cement. Portland cement is a manufactured cement, 
the chief constituent being hydraulic lime. A good quality 
Portland cement will contain approximately 60 per cent of lime, 
20 per cent of silica, 5 to 10 per cent of alumina and small 
quantities of such alkalis and oxides as oxide of iron, magnesia, 
potash, soda, sulphur, sulphur trioxide, carbonic acid, carbon 
and chlorides. 

When tests of Portland cement are made, they come under 
the following heads: (a) fineness, (b) specific gravity, (c) chemical 
composition, (d) tensile strength for both neat cement and 
cement and sand, (e) setting time, (f) soundness 

Mortars. In mixing for mortars, clean sharp sand is added to 
the lime or cement, and then water is added to the mixture. It 
is important that the mixing is thorough, and that the ingre¬ 
dients are well mixed dry, and then mixed again as the water is 
being added, in the case of cement mortar. 

In making lime mortar, which is usually in the proportion of 
one of lime to two or three of sand, the lime should be slaked 
first, and while still in liquid form, passed through a sieve. It 
should then be mixed with the sand. At least one week should 
elapse before the mortar is used. 

Cement mortar is usually mixed in the proportion of one of 
cement to three of sand, but stronger mixes are used when neces¬ 
sary. Cement mortar should be used immediately on mixing and 
the bricks must be wet to prevent undue absorption of water 
from the mortar. 

Use of Mortars . In commercial and factory buildings where the 
brickwork is subjected to fairly heavy loading, it is customary 
to build all the brickwork in cement mortar. In residential work, 
where the brickwork is, as a rule, only lighted loaded, lime 
mortar is used for the bulk of the work. In every class of building, 
however, cement mortar should be used for the following: 

Sleeper piers and all basework up to the level of the damp- 
course; arches and four courses over all arch bars; sills and 
copings; chimney stacks; steps and wing walk; veranda piers. 
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To determine whether cement or lime mortar is required in 
specific instances, the dead load on the wall should be calculated. 
Brickwork in 3 to 1 cement mortar will support a dead load of 
15 tons per square foot and in lime mortar a dead load of 5 
tons per square foot. 


Types of Bricks 

A variety of bricks is available in the principal building centres, 
the stock size being 9 by 4§ by 3 inches. The types are first 
classified according to the methods of manufacture. These are: 
(a) sandstocks or hand-made, (b) plastic machine-made or wire- 
cut, (c) dry pressed machine-made. 

Sandstocks. This was one of the earliest methods of brickmaking 
and consists, broadly, of placing the clay in a sand-dusted wooden 
mould, after which it is dried for two or three days* and then 
burned in a kiln. Obviously this method cannot compete with 
the more modern methods in a matter of costs, but as it produces 
a brick with a surface texture that modern methods cannot 
imitate, it still serves a useful purpose in supplying special fac¬ 
ing bricks. 

Plastic or Wire-cut Bricks. Bricks made by this process are also 
much in demand for facing better class work, as the wire-cutting 
gives them textured surfaces on two faces. In this process the 
clay is first ground, then mixed and kneaded in a pugmill. From 
here it is delivered on to the cutting table in a continuous band, 
to be cut into individual brick sizes by means of wires. It is 
then dried and burned as in the sandstock process. 

Dry Pressed Bricks. In this, the most modern method, the clay is 
ground and then filled dry into the moulds, in which it is com¬ 
pressed under considerable force. On being ejected from the 
mould it can be taken at once to the kiln. A continuous down¬ 
draught kiln is used for burning common bricks, but for face 
bricks an open kiln is generally used. 

Qualities of Bricks. The further classification of bricks according 
to quality is as follows: (a) callows, (b) clinkers, (c) commons, 
(d) picked commons, (e) O.K. face, (f) double pressed. 

Callows. These are under-burnt bricks and have no value as 
building units, although they may be used for filling under solid 
floors. 
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Clinkers. These are over-burnt bricks, usually those near to 
the fire-holes of the kiln. They are hard, but their bad shape 
makes them useless for general building purposes. They are, 
however, used fairly extensively in residential work for footings. 

Commons. These are average quality bricks, hard and of good 
shape, those from most Australian yards being of a quality that 
compares more than favourably with bricks made overseas. They 
are not used for facing work as the faces are rarely of an even 
colour. 

Picked Commons. These are commons specially selected for their 
shape, hardness and uniformity of colour. They are used for 
good quality work in preference to commons and in rare in¬ 
stances are of a sufficiently good standard for facing work. 

O.K. Face. These are really common bricks burned in an open 
kiln after being made by the dry process. They are hard, well 
shaped and even in colour. 

Double Pressed. These, as their name implies, are twice-pressed 
bricks, burned in a down-draught kiln. The result is a very 
durable brick, exceptionally true in shape and even in colour. 

Colour. The colour of bricks is caused by the impurities, especi¬ 
ally lime and metallic oxides, contained in the clay, and by the 
temperature of burning. As a general rule, the higher the tem¬ 
perature the darker will be the colour of the brick. As a result 
of this, light-coloured bricks are not as hard and durable as 
dark-coloured bricks. 


Brickwork Terms 

As with every trade, there are certain technical terms connected 
with brickwork. These must be understood before the various 
bonds can be explained (Fig. 10). 

Bond. This is any arrangement of bricks—or other units—in 
which the joints are not one above the other and the units over¬ 
lap by a minimum of one-fourth their length. The effect of bond 
is to give the wall continuity, improve its stability and to spread 
the weight imposed upon it. 

Course. One horizontal layer of bricks throughout the entire 
length and breadth of a wall, usually 3 inches plus one mortar 
joint. The vertical measurement of brickwork is usually given 
in units of four courses. 
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Fig. 10. Brickwork Terms. 
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Bed. The horizontal surface on which each course of bricks is 
laid, die mortar being called the bed joint. 

Stretcher . A brick laid with its length showing on the face of 
the wall. 

Header. A brick laid at right angles to the wall so that its end 
shows on the face of the wall. 

Bats. Portions of bricks used to complete the bond in brick¬ 
work thicker than 9 inches. Bats may be half-bats or three- 
quarter-bats. 

Closer. A quarter-brick used to complete the bond in courses 
which commence with a header. 

Queen Closer. A half-brick cut longitudinally. It is rarely used, 
two closers generally performing the same work. 

King Closer. A brick splay-cut for half its length, so that it 
shows as a closer on the face of the wall but retains its full width 
at the back. It is used in reveals. 

Frog. The indentation on one of the flat faces of the brick, 
intended to form a key for the mortar. The brick is laid with 
the frog up. In some special texture and other bricks holes are 
used instead of frogs. 

Perpends. The vertical joints showing on the face of the wall. 
The lap or bond ensures that these are never one above the other 
in successive courses, but that they are in line vertically in cor¬ 
responding courses. 

Straight Joint. Two or more perpends directly above one 
another in succeeding courses. This should be avoided except 
in the case of expansion joints or provision for future openings. 
When it is used in decorative brickwork, wall ties are built in 
across the straight joint at every third course. 

Bonds and Cavity Walls 

Bonds. Cavity walls are used in the big majority of Australian 
buildings, as this method offers greatest protection against the 
semi-tropical rainfall so often experienced; because local bricks 
absorb a considerable proportion of water; and because it affords 
increased insulation against temperature changes. 

In addition to the stretcher bond associated with cavity walls, 
English, Flemish and Colonial bonds are used. When cavity walls 
exceed 11 inches in thickness, the inner portion is usually built 
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in English bond. In addition Garden Wall bond is occasionally 
used. Of the other bonds very little is seen in this country. 

Cavity Walls. Cavity or hollow walls are a comparatively recent 
introduction, but they are now universal in Australia and are 
gradually being adopted in other countries. The wall is built 
up with two skins with a 2-inch cavity between. The outer skin 
is always inches thick, and in one and two-storey residential 
work 4£ inches is usually quite a sufficient thickness for the 
inner skin. When the building is higher than two storeys, or 
when there is more than ordinary loading, the inner skin is 
increased in thickness as required. 

The cavity commences immediately above the footing courses, 
but not below ground level, where it would hold water after 
rain, and the two skins are tied together with wall ties, placed 
every third or fourth course about 3 feet apart. Ties are bent 
with a drip in the centre of the cavity so that any water which 
soaks through the outer bricks will not be carried across the 
ties to the inner skin. It is of great importance that the ties be 
kept perfectly clean of mortar droppings. Weep holes are left 
at the foot of the cavity. 

The practice of crossing the cavity for the final three or four 
courses of the wall on the assumption that it gave greater strength 
was tried at one time, but as this invariably resulted in hori¬ 
zontal cracks, it has now been discontinued. 

English Bond. With alternate stretcher and header courses, Eng¬ 
lish bond is the simplest and perhaps the strongest of all bonds. 
The perpends are broken by the use of a closer after the first 
header in each header course. 

Flemish Bond. In this bond there are alternate headers and 
stretchers in each course, a closer being used after the first header 
in each course which commences with a header (Fig. 11). A 11 
imitation Flemish bond is occasionally used in cavity wall work 
when it is especially desired for its decorative effect. Half-bats 
are used where the header would appear in 9-inch work. 

Colonial Bond. Known by several names, this bond is called 
“Colonial” in Australia. It consists of three courses of stretchers 
and then one course of headers. A closer is used after the first 
header in the header course (Fig. 11). It is only suitable for 
9 -incli work, but it has a good bond and makes a strong wall. 
When both laces are unplastered it has a distinct advantage over 
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Fig. 1J. Brickwork Bonds. 
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English bond as the reduced number of headers makes a more 
even finish to the inner face. 

Garden Wall Bond. This bond is also suitable for 9-inch un¬ 
plastered walls, as is suggested by its name. It consists of three 
stretchers to one header in each course, the break of bond being 
obtained by the use of a closer after the first header in each 
course which commences with a header (Fig. 11). There are 
fewer headers in Garden Wall bond than in Colonial bond. It 
has been used in more than one important public building in 
Sydney as a face to cavity work, as mentioned under Flemish 
Bond. A variation may have two stretchers to each header. T. he 
disadvantage of the bond is that English bond must be used with 
it when there are piers or short lengths of wall. 

Junctions of Walls. It is essential that the bond is maintained 
and no weakness permitted at the junction of walls, either at 
crossings or where a cross wall joins a main wall. In light resi¬ 
dential construction where a 44-inch thick interior wall makes 
a junction with the inner skin of a cavity wall, no difficulty is 
experienced. But where thicker walls are used and where the 
junction is between two walls of different thicknesses, care to 
make the correct junction must be exercised. In the case of 
English bond the courses are varied in the two walls, so that the 
header course of one wall junctions with the stretcher course 
of the other wall (Fig. 12). A closer in the header course keeps 
the correct bond. 

Piers. Ground floor bearers for timber floors are almost invari¬ 
ably supported on 9-inch square sleeper piers of brick. There is 
not a great deal of weight on these piers as a rule and their 
construction is simple, the two bricks in each course being laid 
as headers and stretchers alternately (Fig. 13). Piers may also 
be used as structural columns to carry a variety of overhead struc¬ 
tures. In most of these cases heavy loads are transmitted to them 
by beams. Piers larger than 9 inches square are generally built 
in English bond and occasionally in Flemish. They are some¬ 
times joined together by light screen walls in one or both direc¬ 
tions for greater stability. 

Thickness of Walls 

The thickness of external walls in relation to their height and 
length is shown diagramatically in Fig. 14. Heights of walls are 
shown in feet while the variations in thickness are in floors or 
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Fig. 13. Brick Piers. 
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storeys. For example, when a wall is 60 feet high and the length 
exceeds 45 feet it must be 23 inches thick for the lowest storey, 
18£ inches thick for the next storey and 14 inches thick for the 
remainder. The table must be varied to allow that no storey 
exceeds in height sixteen times the thickness of its wall and 
in no case must the prescribed dead load for brickwork be 
exceeded. 

The diagram was compiled from the table for walls of 
dwelling-houses in the building regulations of the Sydney City 
Council and the thicknesses given require to be varied slightly 
for different types of buildings. However, they constitute a good 
general guide. 

In general practice bearing walls of brick are rarely built 
more than three storeys high. The following tables further am¬ 
plify Fig. 14: 


THICKNESS OF WALLS IN DWELLING-HOUSES 
(Lime Mortar) 


Height, up 

Length in feet 

Lowest 

Second 

Third 

to, in feet 

up to 

exceeding 

storey 

storey 

storey 

25 

30 


9 

9 


25 


30 

14 

9 


30 



14 

9 


30 



14 

9 

9 

40 

35 


14 

14 

9 

40 


35 

m 

14 

9 


THICKNESS OF WALLS IN COMMERCIAL CLASS BUILDINGS 
(Cement Mortar) 


Height, up 

Length in feet 

Lowest 

Second 

Third 

Fourth 

to, in feet 

up to 

exceeding 

storey 

storey 

storey 

storey 

25 

45 


9 

9 



25 


45 

14 

9 



30 

45 


14 

9 

9 


30 


45 

14 

14 

9 


40 

45 


14 

14 

9 


40 


45 

m 

14 

9 


50 

45 


m 

m 

14 

9 

50 


45 

23 “ 

m 

14 

9 


In some city areas the authorities require slightly heavier construction than 
that shown in the above table for dwelling houses. 


































Fig. 14. Thickness of Walls. 










































Brickwork ^ 

Dampcourse and Flashing 

Dampcourses and flashings are necessary to prevent dampness 
rising up brickwork from the ground, soaking in through the 
wall in the case of basements, coming down from parapets and 
passing through at heads of openings and sills. Of the many 
kinds of dampcourse material available—sheet lead (not less than 
2-lb), slates, pottery, asphalt, and pliable bituminous-sheathed 
lead-core—the last named is the most commonly used and is 
generally found the most satisfactory. Obtainable in rolls the 
right width required, it is easy to handle as well as being effective. 
For flashings, sheet lead is invariably used. 



Dampcourse. The dampcourse must extend the full width of 
the wall and must be above the ground level and below the 
lowest timbers (Fig. 16). Sleeper piers are capped with damp- 
proof material, usually galvanized iron which, when overlapping 
the pier by 1 inch all round and turned down, serves the 
double purpose of being a white-ant preventive measure as well. 
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Fig. 16. Fireplaces and Chimneys. 
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Basements. Measures must be taken to prevent the rise of mois¬ 
ture through the floor in basements and the soakage of moisture 
through that portion of the wall that is below the ground level. 
These two purposes may be achieved by means of a continuous 
vertical dampcoursc built into the wall and connected with a 
horizontal dampcourse laid on a concrete bed immediately under 
the concrete Hoor (Fig. 15). Either pliable material or asphalt 
may be used. Porous pipe drains, as mentioned under “founda¬ 
tions”, are useful in assisting the dampcourse material. 

Flashing. Lead trays are built in at the heads of all openings and 
at window sills (Fig. 16). As the object of these is to throw out 
again any moisture that may have accumulated in the cavity and 
might otherwise cross to the inner skin of the wall by medium 
of window or door frames, weep holes or open perpends are left 
in the course immediately above the lead. These trays should 
be well turned up at the ends. Trays are also built into chimneys 
and dampcourses in all parapets. 

Air Bricks. Terra-cotta or similar perforated air bricks are built 
into all outer walls below the floor level to allow of free circu¬ 
lation of air under the floors. Building regulations require a 
minimum of two such vents to each room. More are a distinct 
advantage. Openings should be left in all inner walls to assist 
in under-floor ventilation and to provide access to the full area 
under the building. Two vents are also required in the outer 
walls of each room near the ceiling level and some architects 
use vents in inner walls to improve cross ventilation within the 
rooms. 


Fireplaces 

The design and construction of fireplaces call for especial care, 
for it is essential that the fire throw the greatest possible amount 
of heat into the room, while all the smoke is carried up the 
chimney. Whilst fireplaces are treated in a variety of decorative 
ways, the basic construction remains the same. They can be built 
out into the room, or set back in the wall with a projection on 
the outside, some of the many possible arrangements being shown 
in Fig. 17. 

The small piers on each side of the fireplace are the jambs, 
while the floor is the hearth. Bricks built of fireclay are used for 
the hearth and to line the actual fireplace. In order to throw 





Fig. 17. Fireplace Plans. 
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the heat into the room the back of the fireplace is sloped forward 
(Fig. 16). This makes a narrow throat the full width of the fire¬ 
place. Immediately above the throat is a smoke ledge which 
assists in preventing smoke from being blown back down the 
chimney. 

The due is gathered over immediately above the throat, this 
portion sometimes being referred to as the funnel, while the 
brickwork on each side is called the wings. The gathering sweeps 
into the flue with an easy bend, this also assisting in preventing 
down draughts. 

Flues. Flues should be ample in size, this being an important 
factor in the drawing of the fire. Sharp bends must be avoided. 
The inside of the due must be pargetted, preferably with lime 
mortar, and made smooth. 

Chimney. The chimney must be built up above the highest por¬ 
tion of the roof. If there are tall buildings adjoining, or if there 
is a hill immediately adjacent, the chimney will need to be still 
higher to escape the effects of the down currents of air caused 
by the buildings or the hill. 

Arches 

Usual practice in spanning door and window openings in brick¬ 
work is to build in arch bars for openings up to and including 
3 feet 1 inch in width, and suitable angles for wider openings. 
It is possible, however, to make the brickwork self-supporting 
by building arches. This is done when arch bars or angles are 
not readily obtainable, or where an arch is desired for decorative 
reasons, or in the interests of architectural design (Fig. 18). 

A timber frame, called centre, is first made to support the 
brickwork while the arch is being built. This is left in position 
for several days for the brickwork to set. The joints of the soffit 
of the arch are set out on the centre as a guide to the bricklayer. 

Flat Arch. This arch derives its name from the fact that the 
extrados (the upper or outer line of the arch) is flat and the 
intrados (the soffit of the arch) is nominally fiat. Actually the 
intrados is built with a slight camber (about J-inch to every 
foot of span) to allow for any settlement. The bricks are either 
especially moulded, or are cut and rubbed to the shape required. 

Semicircular Arch. Frequently employed, the semicircular arch 
is popular for its decorative value and because it has not the 
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same tendency to spread as flatter forms. It can be built in any 
number of 9-inch or 4^-inch brick rings, and while it is better 
with moulded or cut and rubbed bricks, it can be satisfactory 
with ordinary bricks if built in 4£-inch rings. The mortar joint 
can be varied to compensate for the lack of shape in the bricks. 
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Fig. 18. Brick Arches. 

Segmental Arch. This also is a popular form of arch and can be 
built in several ways. It is most effective when gauged and can 
be built in any multiple of a half-brick. It can also be built in 
half-brick or brick rings. 

Relieving Arch. I his arch is used to relieve or minimize the 
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weight being carried by some form of lintol, usually stone. The 
space between the lintol and the intrados is filled in with a core 
of brickwork, often decorative. 

There are many other arches, several of them associated only 
with a particular style of architecture. The general principles of 
construction are the same, the shape of the arches only varying. 

Reinforcing, Jointing and Finishing 

Bondwire. The reinforcement of brickwork is achieved by build¬ 
ing in bondwire, which has almost entirely superceded hoop 
iron for this purpose. The mesh of the wire ensures that it keys 
well in the mortar. 
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Fic. 19. Brickwork Joints. 


Bondwire is used in the footing courses when the brickwork 
forms the foundations for the wall, one width of bondwire 
being used for each half-brick in thickness of the course. It is 
used in each alternate or third course, laid continuously, with 
overlaps at angles. It is also used below window sills, above 
door and window heads and over arches. 

Joints. In laying brickwork, a bed of cement is first-spread on 
top of the course already laid. A brick is then “buttered”, i.e. 
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a small portion of mortar is placed with the trowel on each side 
of the brick at one end, and the brick pressed into place. When 
a number of bricks in the course have been laid the course is 
“grouted”—mortar in a more liquid form than is generally used 
is worked down into the interstices between bricks, completely 
filling the joints. 

The exposed faces of the joints can be finished in several ways 
(Fig. 19). 

Flush Joint. As the name of this joint suggests, the mortar 
finishes flush with the brickwork. It is used on the inside faces 
of walls that are to remain unplastered, and externally for 
perpends when it is desired to emphasize the horizontal joints 
only. 

Struck Joint. Sometimes called a weather joint, this is ob¬ 
tained by running the trowel along the joint, pressing either 
at the top or the bottom. Pressing in at the top produces the 
upstruck joint, which provides a good strong shadow line and 
runs the water off the brick. It exposes the mortar to the action 
of the weather. The down struck joint runs the other way, pro¬ 
tecting the mortar, but exposing the top arris of the brick. 
Under Australian conditions the latter is usually to be preferred, 
although at one time it was considered the least desirable of 
the two. 

Round Raked Joint. Sometimes called a keyed joint, this is 
obtained by drawing a round jointing tool along the joint before 
the mortar has finally set, thus removing portion of it. 

Square Raked Joint. In this now very popular joint the mortar 
is raked out for a depth of from £-inch to J-inch. A pleasing 
deep shadow line is obtained. Bricks of good shape, clean arrises, 
and of sufficient hardness to resist the action of the water that 
will lodge in the joints are essential if this joint is to be employed. 

Tuckpointing. Once almost universally used, tuckpointing has 
entirely fallen from favour, chiefly on the grounds that it has 
to be maintained and that it is, after all, only a camouflage. 
Tuckpointing hid much bad brickwork. The joints are raked 
out and filled with a mortar mixed with a pigment to bring it 
to the same colour as the brickwork. This is all flushed up, and 
then white lime putty is pressed on in perfectly straight lines 
against a straight edge. The putty is then trimmed. The regular 
effect thus obtained is very mechanical and the joints marked 
out are frequently not those of the bricks at all. 
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Fig. 20. Decorative Brickwork. 
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Plastering. When the surface of the wall is to be plastered or 
cement rendered, the joints of the brickwork are left rough so 
that a key will be provided for the surfacing material. Before 
plastering, carpenters drive wooden wedges or plugs at selected 
places between the joints to provide fixing for the joinery. 

Corbelling. Projections are sometimes necessary to support the 
ends of beams, joists, or roof timbers. Bricks may be corbelled 
out to provide these bearings, or other materials may be built 
into the brickwork to serve the same purpose. Brick corbels 
should be evenly stepped out in courses, the projection of any 
one brick not exceeding one-fourth of its bed. Obviously headers 
form the most satisfactory corbels. 

Decorative Brickwork. There are many decorative patterns that 
can be used to enrich brickwork or to relieve large areas of blank 
wall, the most common of these being the herring-bone-pattern 
(Fig. 20). Parapets and copings are frequently finished with 
decorative brickwork. 


Additional Materials 

Special Bricks. In the more populated centres a great variety of 
moulded bricks is obtainable and many fine decorative effects 
can result from their use (Fig. 21). 

In addition there are bricks of special sizes. Among these are 
bricks of standard length and width, and 2 inches, 1£ inches 
and 1 inch in the course. These are used principally for special 
string or similar courses, or for quoins. Smaller bricks, usually 
6 inches by 3 inches by If inches, called brickettes, are used 
principally for decorative surrounds for fireplaces. Others made 
of fireclay are used for the inner linings and hearths. 

Thresholds. Sometimes of brick, these are usually of some longer 
wearing material, such as terrazzo or marble. They are bedded 
in cement, but not over their full surface, as then they are 
liable to fracture. By setting the threshold f-inch to i-inch 
above the floor level the door can fit snugly at the bottom and 
still give clearance over carpets or floor coverings. 

Breeze Blocks. Blocks made from cinders, cement and sand may 
be used for building up as masonry units for walls, partitions, 
as the inside skin of cavity walls and as backing to brickwork. 
There are two or three stock sizes for these units, all multiples 
ol biick sizes, so that they can be bonded in with brickwork. 





Fig. 21. Moulded Bricks. 
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Most manufacturers guarantee a minimum crushing strength 
of 700 pounds per square inch. Some blocks are made with 
keyed end joints to ensure greater stability. 

Terra-cotta Lumber. This is another light-weight unit that is 
used in much the same way as a brick. It is composed of burnt 
clay and is cast hollow. It is also very useful for the fireproof 
covering of structural steelwork and for floor panels used in 
conjunction with reinforced concrete (Fig. 22). 

Glass Bricks. Glass bricks are masonry units, built into the walls 
of buildings in panels by the bricklayers. They are not struc¬ 
tural units, so the heads of panels must be treated as ordinary 
openings. Glass bricks transmit diffused light and have much 
greater thermal insulation than sheet or plate glass, although 
naturally not as much as brickwork. Probably their most valu¬ 
able use is in providing natural light in air-conditioned build¬ 
ings, but they are also considerably used as door surrounds in 
commercial and domestic buildings, partitions in office build¬ 
ings, and in many other positions. They are made in two 
principal sizes, 6^ inches square and inches square. The 
thickness is 4 inches. There are half-bricks of the larger size, 
and corner and radius bricks are available. There is a range 
of several surface patterns in each size, each with a different 
degree of light transmission and diffusion. 

Glass bricks are laid in a cement mortar of 3 : 1 proportions, 
with the addition of one pint of waterproofing liquid to each 
bag of cement. As the glass does not absorb moisture as a brick 
does, a very much dryer mortar is used. It is important that all 
joints are completely filled with mortar and the bricks pressed 
into position. Striking with a trowel will injure them. The 
joints on both sides of the panel are ironed with a pointing tool 
to give a smooth non-porous joint. Cleaning off should not be 
done until the mortar has finally set. Spirits should not be used. 

There are many ways of building glass brick panels into 
walls, two of which are illustrated in Fig. 23. When the panels 
are more than 5 feet in width it is imperative that they be 
built in chases of a minimum depth of 2 inches. In planning 
panels ^-inch is allowed at each jamb for expansion, and the 
same at the head, plus a further allowance for deflection of the 
lintol. The panel is also reinforced with bondwire of the par¬ 
ticular type recommended by the manufacturers. This is built 
into the horizontal joints at every third course for the smaller 
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Fic. 22. Terra-cotta Blocks. 
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bricks, every second course for the larger bricks, and always into 
the top mortar joint. The reinforcement is kinked in the expan¬ 
sion joint at the jambs and built a minimum of 12 inches into 
the structural walls. If by any chance the glass bricks are not 
built up with the wall, perforated ties are built into the jamb 
and left projecting so that they will lap 12 inches over the 
reinforcement in the glass brick panel. 

Vertical supports, usually Tees or small I-beams, are built 
into long glass brick panels at intervals of not less than 10 feet. 
Horizontal supports are also incorporated in panels that are 
long vertically. 

Expansion joints at heads and jambs are cleaned of mortar 
while it is still green and filled with caulking compound. Teased 
Picker tow is used in joints in inaccessible places (Fig. 23). 




Fig. 23. Glass Bricks. 











































































































































































































































CHAPTER 4 

METAL WORK 


As well as the steel used in reinforcing concrete and the frame 
of the steel frame building, metal is used in several other ways 
in a building, and its uses are increasing. Steel, bronze, nickel 
and aluminium alloys are among the most used metals. 

Some Modern Uses 

Metal Windows. In all types of buildings, metal frame windows 
are used when these are considered more advantageous than 
timber sashes and frames. There are many types available, both 
in standard sizes, and in sizes and shapes made up to detail from 
standard sections of metal. Sashes may be casement, sliding, or 
pivotted, or top or bottom hung. Casement sashes are frequently 
fitted with special projecting hinges which allow a space between 
hanging style and frame for cleaning the outside of the glass. 

The frames of steel windows are fitted with fixing lugs, spaced 
to coincide with brick courses, which are built into the brick¬ 
work as this work proceeds. The joint between metal and brick 
on the outside is pointed up with mastic as a weather proofing 
measure (Fig. 24). 

Steel frame windows are primed before leaving the factory, 
but there are also several patent treatments designed to prevent 
corrosion and otherwise resist the action of the weather on the 
metal. 

Glazing Bars. Bars to carry the glass in the various types of glass 
roofs, laylights and lanterns are made in a variety of stock pat¬ 
terns from several metals (Fig. 83). These are a distinct advantage 
over wood bars. 

Metal Doors. Metal doors to comply with the regulations of the 
fire underwriters are available from several manufacturers. They 
are of two general types, metal-sheathed around a wood core or 
frame, and all metal. In the case of the latter a frame of hollow 
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Fig. 24. Steel Frame Windows. 
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Fig. 25. Metal Doors, Hinged. 
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pressed metal is used. Doors may be flush or panelled and are 
hung in a pressed metal combination frame and architrave, fitted 
with building-in lugs. The door is delivered to the job already 
hung in the frame. Building in is best done while the work is 
in progress to ensure a stronger job and to avoid damage to 
brickwork or concrete if attempted at a later stage. Doors may 
be single (Fig. 25), or double. Closing may be fully automatic, 
operated by a fusible link, and double doors are timed so that the 
correct leaf closes first. 

There are also sliding fire-doors (Fig. 26), fitted with a weight 
attached to a steel cord. When the door is operated by hand 
the weight remains in a fixed position, but in the case of fire a 
fusible link releases the weight and the door is automatically 
closed. 

Strongroom doors are supplied by the manufacturers complete 
in frame, ready for building in. 

Metal Door Frames. Metal door frames for use with wood doors 
are available from several manufacturers. These units embody 
jambs, stops and architraves (Fig. 27) and before leaving the fac¬ 
tory are machine drilled for hinges, locks, striking plates and 
all fittings. There is also a variety of pressed metal architraves, 
skirtings and picture rails on the market. 

Roller Shutters. These are constructed of interlocking steel slats, 
riveted at the ends, and running in a metal guide shaped as a 
deep channel. The shutter winds up about a steel drum which 
houses spiral balancing springs, and is operated by a chain over 
a sprocket at one end. 

Railings. Stair balustrades and railings of wrought iron and 
other metals are frequently features of modern architectural 
design. These are usually welded together and designed with 
projecting members to be built in. 

Metal is also used in the shape of stamped ceilings, mostly 
for shop awnings, and with wood filling for the mouldings to 
show windows and show cases. For decoration, memorial tablets 
and panels, it has almost unlimited uses. 




Fig. 26. Metal Doors, Sliding. 
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Fig. 27. Pressed Metal Frames. 





























































































CHAPTER 5 
BUILDING TIMBERS 
Tree Growth 

A tree increases in height, or its branches in length, owing 
to the division and growth of numbers of special cells at its tip. 
Growth in this direction ceases comparatively early in the life 
of a tree, while growth in girth continues much longer. 

A section through a tree (Fig. 28) shows the various component 
parts, namely, pith or heart, truewood, sapwood, cambium layer 
and bark. Growth in girth is due to the division and growth of 
the cells of the cambium layer, which is continually adding to 
the truewood, and, in a lesser degree, to the bark. The wood 
thus produced does not influence the height of the tree, as it 
remains static at the height it is originally produced. 

Annual Rings. As the growth of the tree is not uniform through¬ 
out the year, wood of differing weight and appearance is grown 
in the different seasons. During the rapid growing period of 
spring, the new cells are large to accommodate the increased 
flow of food solutions travelling up to the leaves, but as the 
weather becomes colder the new cells are smaller and the wood 
made is heavier. This results in definite markings of growth, 
known as annual rings. In Australia's temperate climate the 
term is not literally correct, as the seasons are not as fixed as 
in the colder climates. The rings are frequently produced by 
climatic changes, which may or may not be annual. In trees 
from tropical and sub-tropical zones, where growth is more or 
less continuous throughout the year, growth rings are often 
absent entirely. 

Truewood. It is the truewood which is used commercially. While 
this is not actually stronger than the sapwood, it is less susceptible 
to decay and retains its strength, whereas the sapwood does not. 
All wood in the young tree is sapwood, but as the tree grows 
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the inner cells become thicker and undei'go a change known 
as lignification, which increases their strength. These inner cells 
gradually die and become converted into the truewood. When 
the tree reaches maturity it consists of a large woody portion, 
dead, but containing water and serving only to give strength to 
the tree, and a much smaller outer covering of living cells. 



Fig. 28. Growth of a Tree, and Faults. 


Dead Trees. As only the sapwood in a live tree is actually living 
there is no foundation for the prejudice against timber cut from 
trees killed by fire and other causes, provided that it is not 
injured by decay and insects. 

Felling Season. For the same reason, there is no special felling 
season for Australian timber. As the sap moves only in that 
portion of the tree that is not used, there is nothing to gain 
by waiting until the “sap is down”. However, some millers prefer 
the winter months, as the reduction through drying is slightly 
less then, as is also the risk of insect and fungus attack. 
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Factors in the Choosing of Timber 

Probably the most important factor in determining the suit¬ 
ability of a timber for certain work is its strength. This is affected 
by four principal factors: (i) species, (ii) moisture content, (iii) 
defects, and (iv) type of loading. 

Species. The strength characteristics of the various species are 
further influenced within the group by minor factors. Density 
varies with trees of the same species. As a general rule it can be 
accepted that the greater the density the greater the mechanical 
properties. The rate of growth is another factor, but little or 
no information is available on this point. It is assumed that a 
normal rate of growth gives greater strength than very rapid 
growth. A large percentage of latewood is an advantage. The 
position of the timber in relation to the height of the tree and 
also in relation to the heart affects the strength. There is no 
general rule for this as this factor varies in different timbers. 
General conditions of growth are expected to be another factor. 
Research along these lines is now proceeding. 

Moisture Content. As the moisture content is reduced, timber 
gains in all properties except toughness, although in the 
eucalypts this also increases with drying. As under ordinary 
weather conditions the moisture content of structural timber is 
never static, the strength of green timber is usually accepted as 
a basis for determining working stresses. 

Defects. The strength as determined by the species and the 
moisture content can be completely upset by the presence of 
one or more defects, the most important of which are here 
enumerated. 

Knots. Knots are perhaps the most common and most injurious 
defects, although they rarely occur in Australian hardwoods. Size 
and location, considered in conjunction with the conditions of 
loading, determine the influence of knots in structural members. 
In beams and columns, the weakening effect of large knots is 
more than proportional to their area, owing to the relatively 
greater distortion of the grain. Under certain conditions the 
strength of timber containing large knots may be reduced to 
practically nil. 

Sloping Grain. Sloping grain, a term that covers cross, diagonal 
and spiral grains, is a serious defect and often difficult to detect. 
When the slope is 1 in 14, the strength of a beam or a long 
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column is reduced by one-quarter and a short column by one- 
eighth. This increases progressively until in a slope o£ 1 in 8 
the strength of a beam and a short column is reduced by half 
and a short column by three-eighths. 

Shakes . Shakes (Fig. 28) reduce resistance to shear, their effect 
being roughly proportional to the reduction of the shear resist¬ 
ing area. Cavities caused by shakes may permit the development 
of decay. 

End Splits. End splits have the same effect as shakes and are 
serious in beams and long columns, but in short columns do 
not materially effect the strength. 

Decay. Timber showing signs of decay should not be used. Under 
this heading are included wet rot, dry rot, doze, dote and punk. 
These conditions can occur in timber after construction when 
ventilation is faulty and a free passage of air around all timber 
has not been provided. Two conditions make decay impossible: 
continual saturation, and a moisture content of less than 20 per 
cent. Thus non-durable timber may be used for piles if they are 
permanently below water level, or for interior trim that cannot 
become wet. 

Heart Rot. Some Australian trees are subject to heart rot. In 
the ironbarks and durable boxes this does not continue to 
develop after felling and is not a serious defect. In other species 
of eucalypt, such as jarrah, red gum, obliqua and blackbutt, it 
continues under certain conditions. 

Pipe. Pipe is a condition in which the central portion of the 
tree is absent. It is not particularly serious in itself, especially in 
short columns, but it frequently exposes the surrounding timber 
to decay. 

Gum Veins. Characteristic of most of the eucalypts are gum 
veins, but their incidence varies considerably with different 
species. Some trees are loaded with gum, others show only 
traces. Gum veins do not seriously affect the strength of timber, 
but they are a disadvantage from the point of view of appear¬ 
ance. They are also injurious at the ends of timbers jointed by 
means of timber connectors. 

Gum Pockets . Gum pockets have a considerable effect on bend¬ 
ing strength and resistance to shear, but are far less common 
than gum veins. 

Type of Loading. As timber is liable to fatigue, the modulus 
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of rupture is higher and the possibility of deflection is less under 
a short term loading than under ordinary structural conditions. 

Insect Attacks 

Termites. Termites (white ants) are the most serious danger to 
structural timbers as far as insect attack is concerned. They 
attack the sapwood, truewood and heart of most timbers, but 
prefer the sapwood and heart. Experience and investigation, 
however, have shown that the truewood of some Australian 
timbers is particularly resistant to attack. The timbers listed 
below have this characteristic, although none of them can be 
termed termite-proof: 

Bloodwood (Eucalyptus corymbosa). 

Cypress pine (Callitris specie). 

Forest red gum (Eucalyptus rostrata). 

Grey box (Eucalyptus hemiphloia). 

Grey ironbark (Eucalyptus paniculata). 

Grey gum (Eucalyptus propinqua). 

Iron wood (Ery thro phloem laboucheri). 

Jarrah (Eucalyptus marginata). 

Narrow-leaved ironbark (Eucalyptus crebra). 

Red box (Eucalyptus polyanthemos). 

Red gum (Eucalyptus rostrata). 

Red ironbark (Eucalyptus sideroxylon). 

Red or broad-leaved ironbark (Eucalyptus siderophlia). 
Tallow-wood (Eucalyptus microcorys). 

Turpentine (Syncarpia laurifolia). 

White mahogany (Eucalyptus acmenioides). 

Yellow box (Eucalyptus melliodra). 

Yellow gum (Eucalyptus leucoxylon). 

Yellow stringy-bark (Eucalyptus muelleriana). 


Practically all termite attack on structural timbers is through 
the soil; consequently, shields between piers and foundation work 
and timbers are the first essential of prevention. Bearers, plates 
and floor joists should be treated with creosote oil. Adequate 
under-floor ventilation is another preventive measure, as ter¬ 
mites prefer sheltered and shaded positions for working. 

Borers. The pinhole borer attacks standing or fallen trees in the 
forest, and green timber, but cannot continue to live in seasoned 
timber. If the timber has been badly attacked the appearance of 
the pin holes may be objectionable, but the effect on the 
strength of the timber is infinitesimal. 

In some Australian structural timbers, grub holes and tunnels 
are not uncommon. Unless these are unusually large they are 
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not serious defects, but should be plugged to prevent decay or 
the penetration of water. 

Powder post borers can become a nuisance, but can be com¬ 
bated by painting the affected timber with a chemical prepara¬ 
tion in the spring months. Grubs enter the timber, where they 
remain for one season, passing through the pupal stage and 
finally preparing to emerge as the dark brown powder post 
borer. The life cycle can be broken at this period and the borers 
destroyed. 


Seasoning 

Timber gains in strength by seasoning. Seasoned timber kept dry 
is resistant to decay, weighs less, is less liable to weaken a struc¬ 
ture by subsequent shrinking and is more satisfactory for paint¬ 
ing and glueing. 

Several methods of seasoning timber are employed in Aus¬ 
tralia, the most common being (i) air drying, (ii) kiln drying, 
(iii) combination air and kiln drying and (iv) water seasoning. 
The success of air drying depends on the stacking, which must 
be carried out in such a way that warping, twisting and checking 
are kept at a minimum. Stacks are placed on heavy foundation 
timbers, arranged to permit a free air space of at least 18 inches 
between stack and ground. Timber to be seasoned is placed 
longwise of the stack, with air spaces between. Cross battens 
separate each layer of timber, and a waterproof roof covers the 
stack. 

Kiln drying is carried out in either a progressive or compart¬ 
ment type kiln. The former is a long type of kiln, in which 
the truck loads of timber move gradually from the entrance end 
to the exit. The temperature and humidity remain constant at 
any one part of the kiln, but the kiln is hotter and dryer at 
the exit end than at the entrance end. In the compartment type 
the kiln is fully loaded at one time and the stack remains in 
the one place throughout the whole period of drying. The tem¬ 
perature and humidity are the same in every part of the kiln at 
the one time, but are varied as the seasoning progresses. Both 
these types of kilns are again sub-divided into natural circulation 
and forced circulation types. 

Combined air and kiln seasoning is not much employed as the 
additional handling entailed makes this method more costly 
than the others. 
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Water seasoning consists of immersing the logs completely in 
water until the sap is driven out and then air drying the water 
out. Salt water is most used as it increases the durability of the 
timber. Complete immersion is essential. 

It is not usual in Australia to season structural timbers, except 
those used in large sections. Frame timbers are used green and 
half-green for more convenient handling, as most of the varieties 
become extremely hard when properly dry. The practice is not 
good, resulting in considerable warping and movement. 

Australian Timbers 

There is a variety of Australian timbers available for the struc¬ 
tural woodwork and joinery of a building, but in practice rela¬ 
tively few of these are used. Factors are the timbers available in 
the vicinity of the building site and, in regard to imported 
timbers, the proximity of the larger ports. Restricted imports 
during the war of 1914-19 and more especially during the second 
World War, have resulted in a greater use of Australian timbers 
in positions previously considered suitable only for imported 
varieties, and in many cases a local timber has been found that 
serves equally well. Australia’s chief lack is a general-purpose 
softwood to take the place of the several varieties of pine im¬ 
ported under the name of Oregon. 

For convenience of description, Australian timbers have been 
divided by several authorities into three classes: (1) hardwoods, 
(2) softwoods and figured timbers, and (3) pinewoods. Although 
almost all our softwoods and figured timbers are heavy timbers 
and sometimes differ little in hardness from those classified as 
hardwoods, this seems the best classification from the point of 
view of building timbers. Australian pinewoods are also much 
heavier than imported pinewoods. 

Australian Hardwoods. Some of the most used hardwoods are 
listed hereunder, with their characteristics and uses. 

Alpine Ash (Eucalyptus delegatensis (gigantea)). This is 
known also as red ash, woollybutt (Victoria); mountain ash 
(N.S.W.); gum-top stringy-bark, white-top stringy-bark, Tas¬ 
manian oak and stringy gum (Tasmania). The timber is usually 
pale brown in colour, often with pinkish tints, straight grained 
and of open texture, light in weight. Sapwood is not pronounced. 
Easily worked and with a pleasant grain, it is used as a structural 
timber, for flooring, weatherboards, joinery and furniture. 
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Bangalay (Eucalyptus botryoid.es). Also known as woollybutt, 
and mahogany. The timber is pink to reddish coloured and is 
moderately close-textured. It grows to a large tree, occurring 
along the coast of New South Wales and Victoria. It is used for 
heavy construction and general building purposes, including 
flooring and weatherboards. 

Blackbutt (Eucalyptus pilularis). A strong, durable timber, 
light brown to brown in colour, of open texture, sometimes with 
slightly interlocking grain. It is moderately heavy to heavy, in 
some instances with a greasy appearance and feel. It is plentiful 
in coastal New South Wales and south coastal Queensland. It is 
used for all light structural and joinery work. 

Bloodiuood (Eucalyptus coiymbosa). Its appearance marred by 
gum veins, this timber is not much used in building construc¬ 
tion, although it planes up to a smooth surface and is termite- 
resistant. It is plentiful in eastern New South Wales and southern 
Queensland and is used mostly for rough work and fencing. 

Blue Gum (Eucalyptus bicostata). The timber is yellow-brown in 
colour, with fairly distinct growth rings. It is of open texture, 
although the grain is often interlocked, moderately heavy in 
weight. It grows in the southern tablelands of New South Wales, 
and eastern and southern Victoria. It is used as a structural 
timber. Another variety of blue gum —Eucalyptus maideni, 
growing in the same areas—has similar characteristics and uses. 

It is also known as Maiden’s gum and spotted blue gum. 

Broad-leaved Ironbark (Eucalyptus siderophloia). This is a • 
light reel-coloured timber, very hard and durable, with inter¬ 
locking grain. It grows in southern Queensland and north 
coastaf New South Wales. It is used for heavy construction. 

Brown Barrel (Eucalyptus fastigata). Also known as cut-tail, 
silver-top, blackbutt and messmate. The timber is pale-coloured, 
the texture is moderately open and it is usually straight-grained 
and fissile. It grows on the Main Dividing Range in the southern 
half of New South Wales and is available in commercial quan¬ 
tities. It is used for general building purposes, weatherboards 
and flooring. 

Brush Box (Tristania conferta). With timber grey-brown to 
red-brown in colour, brush box is moderately heavy in weight. 
The texture is fine and uniform, the grain interlocked and the 
wood non-fissile. It grows in north coastal New South Wales and 
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south coastal Queensland. Owing to the presence of wax the 
surface wears well and for this reason the timber is used for 
bridge and wharf decking, mauls and mallets, as well as for 
general building purposes and flooring. 

Forest Red Gum (Eucalyptus tereticornis). A heavy, close- 
grained timber, light to dark red in colour, rather difficult to 
work. It is a native of Victoria, New South Wales and Queens¬ 
land. It is useful for heavy construction, posts and fencing, and 
flooring, and is resistant to termite attack. 

Grey Box (Eucalyptus hemiphloia). Also known as grey iron- 
box, green-top box and box gums. The colour of the timber 
varies from yellow to brown, with a reddish tinge on occasion. 
It is hard and very heavy, of a fine and uniform texture and 
difficult to work. For this reason, and its great strength, its use 
is generally limited to heavy construction. It grows in New South 
Wales coastal regions, in south coastal Queensland, in north 
and western Victoria and south-eastern South Australia. It is 
resistant to termite attack. 

Grey Gum (Eucalyptus propinqua). A red-coloured timber, 
close grained, very hard and durable, growing in New South 
Wales and Queensland. This is one of the best timbers for heavy 
construction and is also used for general framing and structural 
purposes. It is resistant to termite attack. 

Grey Ironbark (Eucalyptus paniculata). This is the best, 
hardest and strongest of the ironbarks. It is hard to work and 
~ inclined to be gummy under the plane. Grown in Queensland, 
New South Wales and Victoria it is invaluable for heavy con¬ 
struction. It is resistant to termite attack. 

Hickory Ash (Flindersia ifflaiana). Also known as Cairns 
hickory. Golden-brown in colour, moderately heavy, the timber 
has a fine and uniform texture and interlocked grain, and is 
fissile. It is a jungle tree from north Queensland and in this 
area is one of the most important structural hardwoods. It is 
used for all structural purposes in building, and for flooring, as 
well as for ship decking and heavy tool handles. 

Jarrah (Eucalyptus marginata). A rich red timber of close tex¬ 
ture and frequently a pleasant, wavy grain. It works easily, 
coming to a smooth surface, and is very durable, although not 
as strong as many other eucalypti. It grows in Western Aus¬ 
tralia. In that state it is used for all structural purposes and 
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turnery, but in the rest of the Commonwealth is most used for 
flooring and weatherboards. It is resistant to termite attack. 

Karri (Eucalyptus diversicolor). Another Western Australian 
timber, from the south only, this is a light red coloured, heavy 
timber that is difficult to work and consequently not quite as 
useful as jarrah. Its use is generally limited to structural parts 
of buildings. 

Mahogany (Eucalyptus acmenioides, eucalyptus carnea and 
eucalyptus umbra). These are three trees with little botanical 
differences and all marketed as mahogany or white mahogany. 
Also known as prickly mahogany (N.S.W.) and yellow stringy- 
bark (Queensland). The colour of the timber varies from light 
brown to brown, occasionally going to dark brown with pinkish 
tints. It is heavy, with interlocked grain and close texture, and 
often of a greasy appearance. It grows on the coast of New South 
Wales north from Sydney, extending into south coastal Queens¬ 
land. It may be used for general structural purposes. E. acmen¬ 
ioides is resistant to termite attack. 

Mountain Gum (Eucalyptus dairympleana). Also known as 
white, manna, and ribbon-gum. Usually pale, but sometimes 
pinkish in colour, the timber has a straight grain and moder¬ 
ately open texture. It grows in central and southern New South 
Wales in high altitudes and is commercially important. It is used 
for general building purposes, weatherboards, flooring and also 
for joinery and panelling. 

Murray Red Gum (Eucalyptus rostrata). Also known as red 
gum. A close-grained, dark red timber, very hard, tough and 
durable, growing in Queensland, New South Wales and Vic¬ 
toria. As it is difficult to work, it is used for structural purposes 
only. It is resistant to termite attack and to marine borers. 

Narrow Leaved Ironbark (Eucalyptus crebra). A reddish- 
coloured timber, close and interlocking grain, tough and hard, 
it enjoys the characteristics that are common to all the ironbarks. 
It grows on coastal New South Wales from Sydney north, and 
in coastal Queensland. It is used mainly for heavy construction, 
and is resistant to termite attack. 

Peppermint (Eucalyptus piperita). A light-brown timber with 
pink tints, generally marred by gum veins. The grain is inter¬ 
locked and of close texture, light in weight. Selected quality of 
straight grain makes a durable structural timber. It grows in 
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central and south coastal New South Wales. This type is also 
known as Sydney peppermint 

There are three other peppermints, all with practically the 
same characteristics. Eucalyptus amygdalina is native to Tas¬ 
mania only, E. dives , also known as broad-leaved peppermint, 
to the central and southern tablelands of New South Wales and 
the eastern and western highlands of Victoria, and E. radiata, 
narrow-leaved peppermint, to the same areas. 

Red Ironbark (Eucalyptus sideroxylon). A deep-red timber, 
strong and durable, although inferior to the three ironbarks 
already mentioned. It grows in the three eastern states and South 
Australia. 

Red Mahogany (Eucalyptus resinifera). Also known as red 
stringy-bark and forest mahogany. Rich red in colour, the timber 
is strong and durable, becoming very hard as it ages, although 
fairly easy to work when straight from the mills. It is native \o 
New South Wales and Queensland, and is used for ail building 
purposes, but especially for weatherboards. 

Red Stringy-bark (Eucalyptus macrorrhyncha). The timber is 
a light grey-brown in colour, sometimes with a pinkish tint, 
darkening under exposure. It is moderately heavy, with inter¬ 
locked grain and fine texture, and grows in eastern New South 
Wales, southern Queensland, the highlands of Victoria, with a 
few trees in the Mount Lofty Range, South Australia. It is used 
for structural purposes in building, but not extensively. 

Silver Ironbark (Eucalyptus melanophloia). This is the least 
used of the ironbarks as the trees are usually small and stunted 
and rarely worth felling. 

Silver-top Ash (Eucalyptus sieberiana). Also known as moun¬ 
tain ash and coast ash. This free working timber is straight 
grained and pale in colour, frequently with small dark marks, 
it grows on the Blue Mountains and coastal ranges of New 
South Wales, and in Victoria, South Australia and Tasmania. 
It is used for general building purposes. 

Spotted Gum (Eucalyptus maculata). This is a strong, tough 
wood, pale in colour, moderately open in texture, although the 
grain is often interlocked. There is a large amount of non¬ 
durable sapwood, reducing the value of the timber in the ground. 
It grows in the coastal districts of New South Wales and Queens¬ 
land and is used for all structural purposes in building. 
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Stringy-bark (Eucalyptus obliqua). Also known as messmate, 
broad-leaved messmate, brown-top stringy-bark, white stringy- 
bark, woollybutt and woollybark. The timber is pale brown to 
brown in colour, with Tasmanian trees showing a reddish tinge. 
It is of open texture and the grain is usually straight. Gum veins 
arc frequently present. It grows in Tasmania, Victoria, New 
South Wales and to a lesser extent in South Australia. In Vic¬ 
toria it is used for general building purposes, in Tasmania for 
general building purposes and flooring. In the other states its 
main uses are for posts, rails and sleepers, and, owing to its being 
fissile, for shingles. 

Swamp Mahogany (Tristania sauveolens). A deep-red timber, 
moderately heavy, non-fissile and brittle, with fine and uniform 
texture and interlocked grain. It grows in the north coast of 
New South Wales and coastal Queensland. With the bark intact 
it is used for piles. It is also known as swamp box. 

Sydney Blue Gum (Eucalyptus saligna). Also known as red 
gum. This reddish-coloured timber is moderately open-textured, 
straight-grained, free-working. It grows in the coastal ranges, 
gullies and flats of New South Wales and Queensland, attaining 
large dimensions. It is a durable timber, used for general build¬ 
ing construction, for framing, flooring and weatherboards. 

Tallow-wood (Eucalyptus microcoi'ys). A yellow to light-brown 
timber, occasionally darker, tallow-wood possesses a shiny lustre 
and a greasy appearance. It has an open texture, interlocked 
grain and is non-fissile. It is hard and heavy. Grown in north 
coastal New South Wales and coastal Queensland, it is used 
for heavy construction and structural framing and is particularly 
useful for flooring and sills. It is one of the most useful of all 
hardwoods and is resistant to termite attack. 

Turpentine (Syncarpia laurifolia). Also known as red luster. 
T he timber is red, deep red or reddish-brown in colour and is 
moderately heavy. The texture is fine to medium and uniform, 
while the grain is interlocked. The gritty nature of the wood is 
inclined to blunt saws. It grows on the coast of New South Wales 
and south coastal Queensland. Inclined to twist and warp it is 
not greatly used for structural purposes, although its resistance 
to fire and termite attack is sometimes held to outweigh its 
disadvantages. It is used for piles, as it also resists attack from 
marine borers. 
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Western Australian Blackbutt (Eucalyptus patens). Slightly 
darker in colour than the blackbutt of the eastern states, this 
timber, which is found only in the southern parts of Western 
Australia, has much the same characteristics and uses. 

White Stringy-bark (Eucalyptus eugenioides). Also known as 
pink blackbutt (Queensland). The palest of the stringy-barks, 
this timber is moderately heavy, of interlocking grain and fairly 
open texture. It grows on the east coast of Australia from Vic¬ 
toria to southern Queensland. It is used for general structural 
purposes. 

Yellow Box (Eucalyptus melliodora). Also known as yellow 
jacket and yellow ironbox (Queensland). A light-brown timber, 
hard and very heavy, interlocked grain and non-fissile. The 
texture is fine and uniform. It is difficult to work. It grows in 
the lower elevations in Victoria, the tablelands and western 
slopes of New South Wales, and the southern tablelands in 
Queensland. It is used for general structural work, and is re¬ 
sistant to termite attack. 

Yellow Gum (Eucalyptus leucoxylon). Also known as South 
Australian blue gum. A light-brown timber with sometimes badly 
interlocked grain and consequently difficult to work. It is hard, 
heavy and non-fissile, of fine and uniform texture. The growth 
rings are not pronounced. Growing in the western parts of 
Victoria and south-east South Australia, it is used for general 
structural purposes. It is resistant to termite attack. 

Yellow Stringy-bark (Eucalyptus muelleriana). A yellow-brown 
to brown timber, probably the most useful of the stringy-barks 
on account of its generally straight grain. It is moderately heavy, 
of moderately open texture. It grows on the south coast of 
New South Wales and East Gippsland, Victoria, and is used 
for general structural purposes. It is resistant to termite attack. 

Australian Soft and Figured Timbers. Some of the more gen¬ 
erally used timbers of this classification, together with their 
characteristics and uses are listed below. 

Alpine Ash (Eucalyptus gigantea). This timber was described 
under “Australian Hardwoods”, but by reason of its pleasing 
figure is included also in this classification. 

Antarctic Beech (Nothofagus moorei). Also known as nigger- 
head beech, negro-head beech, mountain beech and red beech. 
A pinkish-brown wood, moderately light in weight, with a 
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straight grain and very fine and uniform texture. It grows in 
the coastal highlands of New South Wales and the Lamington 
Plateau, Queensland. It is used for cabinet work and flooring. 

Black Bean (Castanospermum australe). Also known as Moreton 
Bay chestnut and bean tree. The truewood is dark brown or 
chocolate in colour and the sapwood, which is often up to 3 
inches wide, white to yellow. The wood is moderately light but 
fairly hard, smooth and greasy. The grain is sometimes inter¬ 
locked and the texture coarse. A pale-coloured soft tissue sur¬ 
rounding the pores produces a prominent grain. It grows in the 
Atherton-Cairns district, Queensland, and the Dorrigo, New 
South Wales. It is used for joinery, but is best known for cabinet 
work, panelling and veneers. 

Blackwood (Acacia melanoxylon). A golden-brown or reddish- 
brown timber, with dark brown longitudinal streaks, it is moder¬ 
ately light in weight, with a grain that is sometimes wavy 
enough to give rise to fiddleback figure. The texture is medium 
to fine. It is common in Tasmania, less so in Victoria, South 
Australia and the southern and northern tablelands of New 
South Wales. It is one of the most useful Australian cabinet 
and furniture timbers. 

Blueberry Ash (Elaeocarpus obovatus). Also known as grey 
carrobean. A light-brown, sometimes almost white timber, mod¬ 
erately light in colour with fine texture and interlocked grain. 
It grows on the east coast from Port Jackson, New South Wales 
north to Bundaberg, Queensland. It is used for veneers and in 
cabinet work. 

Elaeocarpus grandis is also known as blueberry ash, and blue 
fig, quandong, blue quandong, white quandong and cooloon. It 
is white to light grey-brown in colour, light in weight, of coarse 
texture and fairly straight grain. It grows on the east coast from 
Nambucca River, New South Wales to Endeavour River, Queens¬ 
land and is used for veneers and in cabinet work. 

Blush Tulip Oak (Tarrietia actinophylla). Also known as black 
tulip oak, black jack, booyong, ironwood and stavewood. A pale- 
to light-brown timber, mottled on the quarter by darker rays, 
becoming almost red near the pith. It is moderately heavy in 
weight, with straight, slightly interlocked grain. The texture is 
medium to coarse, the wood fairly fissile radially, with a pleasing 
figure on back-sawn faces. It is a brush timber, growing in 
northern New South Wales and southern Queensland. Its use 
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for panelling, plywood, cabinet work, interior fittings and floor¬ 
ing is rapidly increasing. 

Blush Walnut (Beilschmiedia obtusifolia). This is also called 
hard bolly gum and shebeech. Yellowish-brown to pinkish-brown 
in colour, this timber is moderately heavy, with straight grain 
and medium to fine texture. Soft tissue gives it a figure on back- 
sawn surfaces. It is inclined to dull saws. It grows on the east 
coast from the Clarence River, New South Wales, to Cairns in 
Queensland, and is used, mostly in south-eastern Queensland, 
lor interior trim, flooring and turnery. 

Bolly Beech (Litsea reticulata). This is also known as brown 
beech, yellow beech, she, bolly gum, bollywood and brown bolly- 
wood. Pale brown to pinkish-brown in colour, the timber is light in 
weight, with straight grain. Its uniform texture is fine to medium, 
and it is fissile. Growing in the coastal brushes from the Hawkes- 
bury River, New South Wales, to Cairns, North Queensland, 
large trees are obtainable. It is used extensively in joinery and 
cabinet work. 

Brown Alder (Ackama muelleri). Also known as corkwood, 
rose or pencil alder, pencil cedar, tully maple, sugar bark and 
red beech, the brown colour is tinged with pink, often with 
purple; the moderately soft timber is close textured, easy-working 
and does not split easily. It grows in northern New South Wales 
and in Queensland and is used for joinery, cabinet work, ply¬ 
wood and tiling battens. 

Brown Tulip Oak (Tarrietia argyodendron). Also known as 
crow's-foot elm, booyong and stavewood. There is a reddish heart 
to this brownish-coloured timber, which is straight grained, of 
moderately open texture, with a prominent ray when quarter- 
cut. It is rather hard. Growing in the brush forests of northern 
New South Wales and Queensland it attains the dimensions of 
a large tree. As it polishes well, it is useful for furniture and is 
also used in joinery, plywood, and panelling. 

Brush Mahogany (Geissois benthami). Also known as red cara- 
been. This is a pinkish-brown timber which becomes paler as it 
dries. It is usually without any pronounced figure, but occa¬ 
sionally with a hard flinty substance in small pockets. It is close- 
textured and rather tough. It grows to a medium-sized and 
occasionally large tree, its habitat being northern New South 
Wales and Queensland. It is used for joinery. 
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Bull Oak (Embothrium wickhami). Also known as stain oak, 
tree waratah and pink silky oak. A bright pink in colour, the 
timber is variegated owing to darker shades of rays on longitu¬ 
dinal surfaces. It is light in weight, of straight grain, subject to 
irregularities, and of coarse and irregular texture. The wood is 
fissile. It grows in the coastal districts of north-eastern Queens¬ 
land and the Dorrigo, New South Wales. It is used for joinery 
and interior trim. 

Cedar (Cedrela australis). Also known as red cedar. A reddish- 
brown timber, light in weight with a slightly aromatic odour. 
The grain is usually straight, but is sometimes interlocked and 
the texture coarse. There is a fine figure on back-sawn surfaces. 
The timber is easy to work, but is very soft and must be pro¬ 
tected against impact. It grows in the coastal brushes from south 
of Sydney, New South Wales, to Atherton, North Queensland, 
but as most of the remaining standing timber is in inaccessible 
places, it is now scarce. It is one of Australia’s finest joinery and 
cabinet timbers. 

Coachwood (Ceratopetalum apetalum). Also known as scented 
satinwood. Light brown to pink-brown in colour, the timber has 
a distinctive odour resembling that of caramel. It is moderately 
light in weight, with straight grain and fine and uniform tex¬ 
ture. It works and turns easily and well, and shows a fine figure 
on back-sawn faces. It grows on central and northern New 
South Wales coast and tablelands. A very valuable and useful 
timber, it is used extensively for cabinet work, turnery, panel¬ 
ling, veneers and corestock. 

Mazlin’s Beech (Cryptocarya oblata). Also known as bolly 
silkwood, Tarzali silkwood and Macquarie maple. Very similar 
in appearance to Queensland maple, the timber is pinkish-brown 
in colour with a silken sheen. It is light in weight, with straight 
grain and a medium and uniform texture. It grows in north 
Queensland. Lighter and softer than Queensland maple, it has 
much the same uses. 

Mountain Ash (Eucalyptus regnans). Also known as swamp 
gum, giant gum, Tasmanian oak and Australian oak. The timber 
is usually white to pale brown in colour, although sometimes 
pinkish. The grain is usually straight and growth rings are often 
easily apparent. It is often quarter-sawn to produce a pleasing- 
figure. It grows in the moist mountainous areas of Tasmania 
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and the Otway Forests, Victoria. It is used for general construc¬ 
tion, for flooring and weatherboai'ds, joinery and interior trim, 
furniture and cabinet work. Highly figured veneer timber is 
obtained from selected butt logs with wavy and curly grain. 

Muskwood (Olearia argophylla). Also known as musk tree. The 
colour is grey-brown and the wood has a distinctive odour. It is 
moderately light in weight, with a fairly straight grain and is 
mostly fissile. The texture is very fine and uniform. Bird’s-eye 
figuring occurs occasionally. It grows in south, north-east and 
eastern Victoria, and more rarely in New South Wales and 
Tasmania. There is only a limited quantity available. It is used 
for panelling, veneers and fine cabinet work. 

New South Wales Walnut (Endiandra virens). Also known as 
plumwood and swamp rosewood. Pink to light brown, the timber 
is straight grained, close textured, strong and tough. It has a 
small radial figure when quarter cut. It grows on the east coast 
of New South Wales and Queensland and is milled for flooring 
and lining. 

Queensland Maple (Flindersia brayleyana). Also known as 
maple silkwood, silkwood and red beech. The colour has a wide 
range, varying from light brown, through pinkish-brown to pink. 
It is light in weight, but hard and durable. The grain is often 
interlocked, showing a pleasing figure and a silken lustre. The 
texture is medium and uniform. It is a jungle tree, growing in 
the highlands of north-eastern Queensland, and is one of the 
most important cabinet, joinery and veneer timbers in Aus¬ 
tralia. 

Queensland Walnut (Endiandra palmerstoni). Also known as 
oriental wood (U.S.A.), walnut bean and Australian walnut. 
The timber is variegated in colour, dark brown, brownish-red or 
pink, with greyish-green to black longitudinal streaks, at times 
possessing an unpleasant odour. It is moderately heavy in weight, 
with a medium, uniform texture and a slightly wavy grain that 
makes a pleasant figure on quartered surfaces. It has a dulling 
action on saws and becomes hard when seasoned. It grows in the 
hilly coastal regions of north Queensland and is one of the best 
known of Australian timbers. It is used for panelling, furniture 
and veneers. 

Red Bean (Dysoxylon muelleri). Also known as miva mahog¬ 
any, pencil cedar and turnip wood. Red-brown in colour, this 
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wood possesses an odour of turnips when freshly felled. It is 
moderately light in weight, with grain often interlocked, of 
coarse texture. It grows in the coastal brushes from south of 
Sydney, New South Wales, to Gympie, Queensland. It is used for 
cabinet work, interior fittings, furniture, and panelling. It is 
very difficult to distinguish from rosewood. 

Red Silkiuood (Lucuma galactoxyla). Also known as Cairns 
pencil cedar. This is a pinkish-brown to pale red-brown timber, 
light in weight, with texture coarse to medium and fairly uni¬ 
form. The grain is somewhat interlocked and the timber not very 
fissile, but brittle. It grows in the brush forests of north Queens¬ 
land. It is used for veneers, panelling, joinery and furniture. 

Rose Walnut (Ciyptocaiya erythroxlon). Also known as 
southern maple, rose maple and pigeon-berry ash. The timber is 
pale brown to brown in colour, with pink or orange tints. It is 
moderately light in weight, with generally straight grain, and 
medium and uniform texture. It is not very fissile. It grows on 
the ranges on the New South Wales-Queensland border and is in 
considerable use for panelling, veneers, corestock, cabinet work 
and general building. 

Rosezuood (Dysoxylon fraserannm). Also known as rose 
mahogany'. The timber is reddish-brown in colour and is some¬ 
times marked by small dark-coloured, oily patches. It has a 
definite aromatic odour, is moderately light in weight, frequently 
has an interlocked grain and is inclined to be brittle. The texture 
is medium and uniform and the presence of fine bands of soft 
tissue gives a figure on back-sawn surfaces. It is not unlike cedar. 
It is common in the coastal brush forests from Wyong, New 
South Wales, north to the Killarney and Lamington districts, 
Queensland. It is much used for furniture, panelling, veneers, 
figured plywood and flooring. 

Sassafras (Daphnandra micrantha). Also known as canary sas¬ 
safras, grey sassafras, stainwood, light yellowwood and socket- 
wood. Greyish-yellow to yellow in colour, the timber darkens to 
brown on exposure. It has a slightly aromatic odour, is light to 
moderately light in weight, of fine and uniform texture. The 
timber works and turns easily and cleanly. It grows in the coastal 
brushes from Hunter River, New South Wales, north to Bunda- 
berg, Queensland. It is used for turnery, and is now much used 
as corestock. 

Atherosperma moschatum is also known as sassafras and Tas- 
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manian sassafras, from which state it principally comes, small 
sections of Victoria and New South Wales having small quantities 
of it. It is pale brown in colour with black or dark grey streaks. 
It has much the same qualities as Daphnandra micrantha , but 
is rarely used as a building timber. 

Satinay (Syncarpia hillii). A reddish to reddish-brown tim¬ 
ber, moderately heavy, of fine and uniform texture. The 
grain is interlocked and the wood is not fissile. Quarter-sawn 
surfaces frequently show a pleasing figure. It grows on Fraser 
Island, off the coast of Queensland. It is an important timber 
for general building, flooring, cabinet work, panellings and 
veneers. It is sometimes difficult to distinguish from turpentine. 

Satin Sycamore (Ceratopetalum virchowii). A pink-brown tim¬ 
ber, moderately light in weight, of fine and uniform texture. On 
the back-sawn faces it shows an excellent figure. From the tropical 
jungles of the Atherton Plateau, Queensland, it is used for 
panelling, veneers, figured plywood and furniture. 

Satinwood (Phebalium squameus). Also known as satin box 
(Victoria), tallow-wood and lancewood (Tasmania). Similar to 
tallow-wood in colour, this is moderately light in weight and the 
grain is interlocked. The texture is very fine. Mostly found in 
Victoria, it is also in comparatively small quantities in Tasmania, 
New South Wales and Queensland. It is used for carving, turnery 
and cabinet work. 

Silky Beech (Villaresia moorei). Also known as New South 
Wales maple, churnwood and soap box. "I he colour is very 
light brown to almost white and the timber is moderately light 
in weight. Prominent ray bars give a distinctive figure when 
quarter-cut. The timber grows in the coastal brushes from the 
Illawarra district, New South Wales, to Gympie, Queensland. 
It is used for cabinet work and turnery. 

Silky Oak (Cardwellia sublimis). Also known as bull silky oak 
and northern silky oak. Pink to pinkish-brown in colour, with a 
silvery ray lustre, this timber is light in weight. The grain is 
usually straight, except when large rays cause irregularity. The 
texture is coarse and irregular, the ray appearing very broad on 
the quarter-cut faces. It grows in northern Queensland. It has a 
great variety of uses, the chief being for joinery, cabinet work, 
panelling, veneers, plywood and interior fittings. 

Although Cardwellia sublimis supplies the bulk of the silky 
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oak of commerce, Grevillea robusta is also marketed under the 
same name. It is also known as southern silky oak. It is a little 
heavier in weight and finer in texture than C. sublimis , but the 
general appearance and uses are the same. It grows in northern 
New South Wales and southern Queensland. 

Silver Ash (Flindersia pubescens). A pale yellowish-brown tim¬ 
ber, moderately light in weight, with a medium and uniform 
texture and without a pronounced grain. It grows in north-east 
and south-east Queensland. It is used for indoor finishings, for 
joinery, panelling, veneer and plywood. 

Silver Silkwood (Flindersia acuminata). Also known as putt's 
pine, silver maple, silver beech and white silkwood. This is a 
pale-coloured timber, soft, with a rather open texture. It fre¬ 
quently has brownish markings. It grows in northern Queensland, 
attaining quite a large size. It works easily and polishes well. 
It is used for joinery, but more especially cabinet work, veneers, 
coreboard and panelling. 

Silver Sycamore (Cryptocarya glaucesce?is). Also known as 
brown beech, scaly beech, she beech, black pine, yellow pine, 
white wood, jack wood, jack apple, black sassafras, laurel beech, 
yellow birch and brown birch. The timber is pale coloured, 
moderately close textured and firm. It is usually straight grained, 
lacking in distinctive figure. Although it has not been used ex¬ 
tensively, the timber is available in fairly large quantities. The 
trees are large, reaching to a maximum height of about 120 feet. 
It grows along the coast from Milton in New South Wales north 
into Queensland. It is used for plywood, coreboard, panelling 
and joinery, and to a limited extent for flooring, lining, and 
tiling battens. 

Southern Silver Ash (Flindersia schottiana). Also known as 
cudgerie and bumpy ash. Pale yellow to off-white in colour, the 
timber is tough but easily worked. It is straight grained with 
a moderately open texture. Growing in northern New South 
Wales and in Queensland, it is used for joinery, plywood, core¬ 
board and panelling. 

Tasmanian Myrtle (Nothojagus cunninghamii). Also known as 
Tasmanian beech, red beech, red myrtle and myrtle beech. The 
colour varies from deep to pale pink and becomes tinged with 
brown on exposure. The timber is inclined to be brittle, and is 
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of a close and even texture, without prominent figure. It grows 
principally in Tasmania, but also in Victoria, attaining to a 
large tree. Its exceptional wearing qualities make it suitable for 
dance floors and wharf decking. It is also used for cabinet work, 
plywood, coreboard and panelling. 

Teak (Flindersia australis). Also known as crow’s ash and 
colonial teak. A yellowish-brown timber, somewhat oily. It is 
moderately heavy, having a medium to fine texture that is uni¬ 
form. Bands of soft tissue make a distinctive figure on back-sawn 
faces. It is fairly abundant in coastal Queensland and is found 
in New South Wales from the northern border south to the 
Richmond River. It is used for general building puposes, flooring 
and ship building. 

White Beech (Gmelina leichhardtii). Also known as grey teak 
and colonial beech. Pale brown to grey-brown in colour, there 
is little distinction between truewood and sapwood. The timber 
is light in weight, soft and clean cutting. The texture is coarse 
to medium and there is a tendency to brittleness. The tree is not 
plentiful, but it occurs in the coastal lowlands from the Shoal- 
haven River in New South Wales to Mackay, Queensland. It is 
used for cabinet work, joinery and building construction, al¬ 
though it is now too scarce to be much used. 

White Birch (Schizomeria ovata). Also known as white ash, 
crab apple, cherry birch and white cherry. Slightly darker pinkish 
streaks frequently relieve the pale colour of this timber. Its 
texture is close and its grain straight without any marked figure. 
It grows to a large tree in the coastal districts of New South 
Wales and southern Queensland. It is used for flooring, lining 
and blocks for electric light fittings. 

White Cedar (Melai azederach). Also known as tulip cedar. A 
light brown to pale pink timber with a silky lustre, it is light in 
weight, with a straight grain and coarse texture. Back-sawn faces 
show a definite figure due to ring porosity, an unusual feature in 
Australian timbers. It is found on the eastern coast from Sydney, 
New South Wales, north into south Queensland, but not now 
in any quantity. It is used for panelling and decorative cabinet 
work. 

Yellow Carabeen (Sloanea woollsii). Also known as white 
carabeen, grey carabeen, white bean and yellow bean. The tim- 
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ber is pale brown, with a yellowish tinge when first cut and with 
dark grey and brown streaked heartwood. Although it is firm 
and tough, it is easily worked. The texture is moderately close. 
It grows to a height of 120 feet in northern New South Wales 
and southern Queensland. It is used for flooring, lining and 
electrical installation blocks. It is also cut into veneers for ply¬ 
wood and coreboard, but is not recommended, owing to liability 
to powder post borer attack, unless treated with boric acid. 

Yellow Cedar (Rhodosphaera rhodanthema). Also known as 
tulip satinwood and deep yellow-wood. It is bright yellow to 
yellow-brown in colour and is streaked with colour variations 
longitudinally. It is moderately light in weight, of fine and uni¬ 
form texture, and is not very fissile. It is used for cabinet work, 
turnery and inlays. 

Australian Pinewoods. There is not a great variety of pinewoods 
in Australia, this class being the weakest in indigenous timbers 
suitable for building. What there are, are mostly harder and more 
brittle than imported softwoods, although improved and more 
careful seasoning and the proper selection of variety for the job 
to be done has increased their usefulness considerably of recent 
years. Those most commonly used are listed hereunder. 

Brown Pine (Podocarpus elata). Also known as she pine, plum 
pine, brush pine, yellow pine and native deal. Pale brown to 
brown in colour, the timber is light in weight, with clean and 
straight grain, and free from knots. It is easily worked. It grows 
in the coastal brushes from the Illawarra district, New South 
Wales, to Cairns, north Queensland. It is used for shelving, 
joinery, interior fittings and panelling, although it is now be¬ 
coming scarce. 

Bunya Pine (Araucaria bidwilli). Also known as bunya bunya 
and Queensland pine. The timber is pale to light brown in 
colour, often with pink to red tones, and extremely difficult to 
distinguish from hoop pine. It is close-textured, and easily worked 
and finished. The grain is generally straight. The tree grows only 
in south-eastern Queensland, between the Bunya Mountains and 
Gympie, and leaches a height of 150 feet. Bunya pine is used 
for the same purposes as hoop pine and is often marketed under 
that name. 

Celery-top Pine (Phyllocladus rhomboidalis). Light brown in 
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colour, light in weight, with a straight grain and slight odour, 
this pine is inclined to be hard. It grows only in Tasmania and 
is now difficult to obtain in commercial quantities, although it 
has been a very useful, all-purpose timber. 

Colonial Pine (Araucaria cunninghamii). Also known as hoop 
pine, Dorrigo pine, Queensland pine and Richmond River pine. 
Pale yellow-brown, sometimes almost white, in colour, the tim¬ 
ber is marked by tiny knots. It is light in weight, with a straight 
grain and without pronounced growth rings. It is durable if 
kept dry with good air circulation, but soon deteriorates in 
damp positions. It grows in the eastern coastal areas from the 
Hastings River, New South Wales, to north Queensland. It is 
the principal coniferous wood in the first named state and is 
used for all indoor work, joinery, shelving, mouldings, panelling, 
lining, veneers, plywood and framing. 

Cypress Pine (Callitris glaaca). Also known as white cypress 
pine, western cypress pine, western sand cypress and Murray 
pine. The colour of this timber is brown, with darker brown 
streaks of latewood running longitudinally. It is moderately 
light in weight, and moderately hard. It has a strong character¬ 
istic odour, and although inclined to be brittle and liable to 
split unless blunt-ended nails are used, under test it is as strong 
as merchantable Oregon. It varies very considerably in quality. 
It is widely distributed in the inland parts of all states except 
Tasmania. It is used as a general construction timber, for floor¬ 
ing, panelling, lining, weatherboards and house blocks. It pro¬ 
duces an attractive veneer when sliced, but it does not peel well. 
It is highly resistant to termite attack. 

Callitris calcarata , known as black cypress pine, mountain pine 
and red pine, closely resembles white cypress pine and is used 
for similar purposes, but it is considered to be less durable and 
less resistant to termite attack. 

Huon Pine (Dacrydium franltlinii). The timber is light col¬ 
oured, becoming a dull yellow on exposure. It is light in weight, 
smooth and oily to the touch and has a characteristic odour. It 
is easy to work and is durable. It grows only in Tasmania, and 
while a useful joinery and turnery timber, is now in limited 
supply. 

King William Pine (Athrotaxis selagmoides). Also known as 
red pine. Pinkish-brown to red-brown in colour, this timber 
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is very similar to the imported redwood in appearance and struc¬ 
ture. It is very light in weight, with a grain that is straight to 
slightly wavy, with well defined growth rings. It grows in south¬ 
west Tasmania and is now in somewhat short supply. It is a 
good general purpose softwood. 

Queensland Kauri (Agathis palmerstoni). Also known as 
northern kauri and north Queensland kauri. A pale-coloured 
softwood, very light to light in weight, with considerable varia¬ 
tion. It cuts crisply and is easily worked, being softer than 
the imported kauris. It grows in the coastal ranges and table¬ 
lands of north Queensland, attaining large dimensions. It is 
used for joinery, flooring, panelling and plywood. 

South Queensland Kauri (Agathis robusta). Also known as 
kauri pine, is closely allied to Queensland kauri and has been 
marketed under that name. It is now almost completely cut out. 

Imported Timbers 

Although a fairly considerable variety of timbers are imported 
into Australia in small quantities for special purposes—usually 
veneers—the following are most of those regularly brought in, in 
any quantity. 

Black Walnut (Juglans nigra). Also known as American 
walnut. This is a rich, purplish-brown timber, fairly close- 
textured and hard. Stumps and burr develop a beautiful figure 
which is prized for cabinet work, plywood and veneers. Coming 
from North America, it is also used in high class joinery and 
office fittings. 

Japanese Oak (Quercus crispula). Also known as Pacific oak 
and Siberian oak. This is a pale coloured timber with open 
texture, showing a prominent ray when quarter cut. The sap- 
wood is particularly liable to powder post borer attack. The 
timber reaches Australia from Japanese ports and is used for 
panelling and parquet flooring. 

New Guinea Walnut (Dracontomelum magniferum). Also 
known as laup, damoni, onumba, aua and dorea. The truewood 
is a deep greyish-brown, while the wide sapwood is pale yellow 
to pinkish-grey. The timber is open-textured, the grain inter¬ 
locked crossed, occasionally wavy. There is often a ribbon figure 
and a pronounced narrow black stripe. A large tree, it grows 

G 
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in the lowlands of Papua and New Guinea. It is used for joinery, 
cabinet work, veneers and plywood. It is susceptible to attack by 
the shot hole borer previous to seasoning. 

Pacific Maple (Red) (Shorea). Also known as red lauan. This 
is a very soft and easily worked timber, pink to reddish coloured, 
with an open texture and usually a straight grain. There is 
frequently a ribbon figure when quarter-cut. It is imported 
from the Philippines, several other closely allied woods being 
marketed under the same name. It is used for joinery, panelling 
and plywood. 

Pacific Maple (White) (Parashorea). Also known as white 
lauan. This timber is similar to the red variety, of lighter colour 
and coarser texture. The sapwood is liable to borer attack. The 
timber comes from the Philippines and Borneo, and, as with 
the red variety, allied timbers are marketed with it. 

Matai (Podocarpus spicata). Also known as black pine. A light 
brownish-coloured wood, inclined to be hard and heavy for a 
pine. It is from New Zealand and is used principally for floor¬ 
ings. In New Zealand, it is an all-purpose timber. 

Neiu Zealand Kauri (Agathis australis). The colour of this 
firm-textured timber varies from creamy-white to brown. It works 
easily, glues well and is readily polished. Growing in the northern 
part of the North Island of New Zealand, trees reach a great 
height, being as much as 100 feet to the first branch. Diameters 
of 20 feet are reached. As supplies are diminishing, this kauri 
is not used as much as formerly in Australia. It has the unusual 
characteristic of considerable longitudinal shrinkage. 

New Zealand White Pine (Podocarpus dacrydioides). Also 
known as kahikatea. This timber is almost white, is even tex¬ 
tured and without smell. It grows to a large tree in New Zea¬ 
land, whence it is imported in restricted quantities. It is used 
for joinery, flooring, lining and shelving, but is susceptible to 
attack by the furniture beetle and is not to be recommended. 

Oregon, Douglas Fir (Pseudotsuga taxifolia). Varying in colour 
from pale yellow to reddish-yellow, this timber is usually straight 
grained. It is easily worked, is strong and durable except in 
damp positions, where it decays rapidly. It is also very subject 
to termite attack, although rarely attacked by borers. It grows 
on the west coast of Canada and the United States and is im- 
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ported into Australia in considerable quantities. It is probably 
the most universally used timber in the building trade, being 
used for structural purposes, joinery and plywood. 

Radiata Pine (Pinus radiata, pinus insignis). This is a pale- 
coloured timber, slightly resinous. It varies considerably in 
weight and hardness. Plantation-grown radiata pine is freer 
from knots than the naturally grown, as close planting forces it 
to grow to a greater height before branching. Its natural habitat 
is North America, but it is cultivated in Australia and New 
Zealand. Best grade is used for building construction and 
joinery, although South Australia is the only state in which 
it is extensively used. 

Redwood (Sequoia sempeiuirens). This is a light red to dark 
red timber, very soft and straight grained. It is easily worked, 
durable in the weather and very resistant to fire, borers and 
termites. It is imported from California, where it grows in a 
narrow belt of country, but attains tremendous proportions. It 
is used for joinery, doors, weatherboards, shingles and laths. 

Rimu (Dacrydium cupressinum). Also known as red pine. A 
light brown to reddish-brown timber, of short grain but even 
texture. It is imported from New Zealand, where it occurs over 
a large area. It is not durable when exposed to the weather, but 
is used for flooring and lining. 

White Baltic Pine (Picea excelsis). Also known as spruce, fir 
and white deal. This timber is almost white, is very soft and of 
even texture. It is chiefly imported from the Baltic states, al¬ 
though it is widely distributed throughout the continent of 
Europe. It is used for flooring, lining and weatherboards. 

Uses of Timbers 

The uses of timbers given in the foregoing descriptions and in 
the following table are the general uses. Many of the timbers 
have a great variety of uses other than in building construction 
or finishing. Many of the imported timbers have a much wider 
range of uses in the countries of their origin than they have in 
Australia. As regards Australian timbers, a great many of them 
are used for every building purpose in the immediate vicinity 
of the mills, as the lack of transport costs would make them 
cheaper than more suitable varieties. 
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Local Uses. While the preceding table gives the principal struc¬ 
tural uses of timbers normally in general use in Australia, a 
knowledge of the timbers available in each district is of much 
practical value. Below are listed the timbers in most general use 
for specific purposes in the various parts of the Commonwealth, 
as recorded by the Council for Scientific and Industrial Re¬ 
search. Uses classified as exposed class include sole plates, stumps 
and posts, bottom plates and plinths—in short, those positions 
where timber is subject to fungus attack. Unexposed class covers 
all covered structural building members. Timbers other than 
those listed may be used in small areas in close proximity to 
their habitat or mills. 

Northern Queensland. Exposed class: Timbers principally 
used: Bloodwood, cypress pines, forest red gum (blue gum), 
Gympie messmate (yellow messmate or dead finish), narrow¬ 
leaved red ironbark, and white mahogany (yellow stringy-bark). 
Others: brown penda, carabeen (Moreton Bay ash), Cooktown 
ironwood, spotted gum, hickory ash, red mahogany and tur¬ 
pentine. 

Unexposed class: Timbers principally used: brown penda, 
cadaga, forest red gum, grey satinash (water gum), Gympie mess¬ 
mate, hickory ash, red mahogany (red stringy-bark), red penda, 
rose gum (flooded gum), and spotted gum. Others: Johnstone 
River hardwood, narrow-leaved red ironbark, northern silky 
oak (bull oak), rose alder (pencil cedar), scented maple, silver 
ash, turpentine, white mahogany, white stringy-bark and yellow 
walnut. 

Southern Queensland. Exposed class: Timbers principally 
used: cypress pines, forest red gum, grey gum, ironbarks, tallow- 
wood. Others: brown and red bloodwood, Gympie messmate, 
red mahogany, rose mahogany, satinay, spotted gum, turpentine 
and white mahogany. 

Unexposed class: Timbers principally used: blackbutt, cypress 
pines, forest red gum, rose gum, spotted gum, white stringy-bark 
and tallow-wood. Others: brown bloodwood, brush box, grey 
gum, Gympie messmate, ironbarks, red mahogany, rose mahog¬ 
any, satinay, turpentine and white mahogany. 
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New South Wales. Exposed class: Timbers principally used: 
bloodwood, forest red gum, cypress pines, grey gum, ironbarks, 
river red gum, tallow-wood, and white mahogany. Others: grey 
box, red mahogany, spotted gum, southern mahogany (bangalay), 
Sydney blue gum and turpentine. 

Unexposed class: Timbers principally used: blackbutt, cypress 
pines, spotted gum, Sydney blue gum and tallow-wood. Others: 
Alpine ash, bloodwood, brown barrel, brown stringy-bark, brush 
box, coast grey box, forest red gum, grey box, grey gum, iron- 
barks, mountain gum, red mahogany, river red gum, rose gum, 
silver-top ash, southern mahogany, turpentine, white mahogany, 
white stringy-bark, woollybutt and yellow stringy-bark. 

Victoria. Exposed class: Timbers principally used: coast grey 
box, grey box, red ironbark, jarrah, river red gum, white stringy- 
bark and yellow stringy-bark. Others: black box, forest red gum, 
red box, southern blue gum, southern mahogany, yellow box, 
yellow gum and yertchuk. 

Unexposed class: Timbers principally used: Alpine ash (woolly- 
butt), brown stringy-bark, messmate stringy-bark, mountain ash, 
silvertop ash, white stringy-bark and yellow stringy-bark. Others: 
brown barrel, broad-leaved peppermint, candlebark, coast grey 
box, forest red gum, grey box, jarrah, Maiden’s gum, manna 
gum, mountain grey gum, narrow-leaved peppermint, red box, 
red ironbark, red stringy-bark, shining gum, southern blue gum, 
yellow box, yellow gum and yertchuk. 

Tasmania. Exposed class: Timbers principally used: southern 
blue gum and messmate stringy-bark. Others: celery-top pine, 
peppermints and silver-top ash. 

Unexposed class: Timbers principally used: Alpine ash (gum- 
top stringy-bark) messmate stringy-bark, mountain ash (swamp 
gum), peppermints and southern blue gum. Others: celery-top 
pine, manna gum, myrtle beech (Tasmanian beech) and silver- 
top ash. 

South Australia. Exposed class: Timbers principally used: 
brown stringy-bark, jarrah, karri, red ironbark, river red gum 
(South Australian red gum), and southern blue gum. Others: 
cypress pines, grey box, sugar gum and yellow gum (South 
Australian blue gum). 
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Unexposed class: Timbers principally used: brown stringy- 
bark, jarrah, karri, messmate stringy-bark (South Australian 
white stringy-bark), radiata pine and river red gum. Others: 
Alpine ash, mountain ash, sugar gum and yellow gum. 

Western Australia. Exposed class: Timber principally used: 
jarrah, karri (treated with preservatives) and wandoo. Others: 
salmon gum and tuart. 

Unexposed class: Timbers principally used: jarrah, karri and 
wandoo. Others: marri, salmon gum, Western Australian black- 
butt and tuart. 




CHAPTER 6 

BUILDING BOARDS 

There are a number of manufactured boards on the market, 
intended for use as lining material. Although generally used in 
timber frame construction, these boards are also applied on 
occasion over old masonry or brickwork in remodelling jobs. 
The principal advantages claimed for them over weatherboards 
and wood linings is speed of fixing, as they are in large sheets, 
and the achievement of large, smooth areas free from joints. 
Some have qualities of sound and temperature insulation. For 
convenience and to avoid the use of trade names these boards 
may be classed as soft boards and hard boards. 

Soft Boards 

Under the heading of soft boards are grouped the great majority 
of the building boards. Most are manufactured from cane or 
wood fibres, processed to resist moisture and white ants, felted 
and interwoven. Both smooth and a variety of textured surfaces 
are available. Most manufacturers supply more than one thick¬ 
ness, a general standard being i inch. Widths are 3 feet and 4 
feet, and as a rule lengths increase by 1 foot up to 12 feet. Soft 
boards are used for interior work only. 

Fixing Soft Boards. Although boards may be fixed direct to 
sized wall studs, most manufacturers recommend battens secured 
to studs at 12 inch centres to ensure smooth, true surfaces, and 
this should always be done. Battens are set out to provide fixing 
at all joints, as well as sufficient intermediate nailings. Sheets 
are prepared by means of special tools fitted with safety-razor 
blades. Tools consist of a vertical blade cutter for general cut¬ 
ting work, a beveller for bevelling the edges of sheets to form 
V-joints, and a tool for cutting decorative V-cuts on the face of 
sheets. In addition there are special tools for cutting lapped 
joints. 
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Sheets are taken from the stack and placed around the walls 
to be lined. They are left standing for at least twenty-four hours 
to become adjusted to atmospheric conditions. They are then 
applied to the battens by nailing first through the centre of the 
sheets and then around the edges. This ensures a flat surface 
without buckling. Cadmium coated nails with a small flat head 
are used, or panel pins, punched below the surface. Nails are 
driven in at an angle to provide a better hold. For ceilings 
especially it is important that the nails at the edges of sheets be 
staggered as much as possible in the narrow width of batten 
available to them, otherwise there is a tendency for the soft 
sheet to tear away along the line of the nails. Alternate nails 
are driven in at opposing angles. A light tap over the nail hole 
causes the fibre to close up again, resulting in concealed nailing. 

When remodelling over old brickwork or masonry, a smooth 
fixing surface is obtained by securing battens or grounds to 
plugs driven into the walling. 

In ceiling work, V-joints are often cut on the face of the sheets 
to produce a decorative pattern, and offcuts used to make decor¬ 
ative cornices and friezes. 

Joints. There are several ways of jointing soft boards (Fig. 29). 
V-joints are obtained by bevelling the edges of the sheets and 
butting them together. Rebated and V-joints are an improve¬ 
ment on this, and are especially necessary where there are ex¬ 
treme climatic changes, resulting in movement of the frame or 
the boards. The edges may be bevelled and recessed to receive 
small wood cover moulds, or the boards may be butted together, 
with an expansion gap of about ^ inch, and the joints covered 
with wood or soft board cover battens. Quadrants may be used 
at the internal angles and wood cover-strips at external angles. 

Hard Boards 

Hard building boards are manufactured from Australian hard¬ 
woods. Logs of standard length are fed into a chipper which 
reduces them to small pieces 1 inch square by \ inch thick. These 
are screened and steamed under a pressure of 1000 pounds. The 
fibres thus produced are refined and formed into a “wet lap”. 
The water is then withdrawn from the interlaced fibres, the 
“blanket” cut to length and the sheets begin to take shape. They 
are dried, smoothed, treated with oils, and some are baked. 

Hard boards are made with several surface finishes—smooth, 






Fig. 29. Soft Board Joints. 
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scored at regular 4-inch intervals to represent wall tiles, or 
treated with decorative grooving. They are made in four thick¬ 
nesses, from | inch to ^ inch and in sheets 12 feet long by 4 feet 
wide. These sheets are cut into several stock sizes. 

Fixing Hard Boards. Hard boards may be fixed direct to the 
studs if the latter are sized and true, but they should not be 
further apart than 16 inch centres, and sufficient nogging must 
be fixed. The backs of all sheets are thoroughly wet twenty-four 
hours before fixing and the sheets stacked in a pile. Saws and 
planes are used on hard boards, but they are quickly dulled. 
Panel pins are used for fixing. As with the soft boards, nailing 
is commenced in the centre of the sheet. 

Unlike the soft boards, hard boards may be painted. Paint on 
the soft boards closes the outer pores and inhibits the insulating 
properties. 

As well as for walls and ceilings, hard boards may be used 
for flooring. They are also useful as counter tops and in similar 
positions, and for forming for concrete. 

Plywood and Veneers 

Plywood. The decorative use of veneers goes back to the days 
of Tutankhamen and probably beyond them, but commercial 
plywoods are of quite modern origin and are made possible 
by recent discoveries in glues. Commercial plywood is con¬ 
structed of two or more layers of veneer or ply glued together 
and, except for 2-ply—used for bending—there is invariably an 
odd number of plies. The plies are alternately opposed in grain 
direction and are balanced in that all veneers are equal in 
strength and oppose one another on either side of a central 
core. The result is a building material that is amazingly strong 
for its weight and thickness, and which has the minimum of 
expansion and contraction. Plywood panels are many times 
stiffer and tougher than solid boards of the same dimensions. 
The balanced construction tends to equalize the stresses in the 
panel and prevent warping. 

Fixing Plywood. There are several stock sizes of plywood 
sheets, and several thicknesses, even in the same number of plies. 
The plywood is secured with panel pins to studs or battens and 
may be finished flush or with cover battens (Fig. 30). Decorative 







Fig. 30. Plywood Joints. 
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effects are sometimes obtained with matched panels, or a checker 
pattern with opposing grains. 

Corestock. Solid core or corestock is made with opposings plies 
about a sawn timber core, which is made from boards not ex¬ 
ceeding 4 inches wide, edge-jointed to form the panel size. The 
essential differences between plywood and coreboard are shown 
in Fig. 31. 



PLYWOOD. 


SOLID CORE 


Fig. 31. Plywood and Coreboard. 


The core must be of one timber in each panel and carefully 
dried before the cross-banding and face plies are glued on. Solid 
core is made in many thicknesses, that most in use being thirteen- 
sixteenths of an inch. There are a number of stock panel sizes. 
Methods of fixing and jointing are shown in Fig. 32. 

Veneers. The facing veneer of plywood and corestock is fre¬ 
quently a highly figured timber that would be extremely expen¬ 
sive if sold as solid timber. There are three methods in use for 
cutting veneers from the log. These are rotary peeling, slicing, 
and half rotary. 

In the rotary process a log, usually 6 feet 6 inches in length, 
is fixed horizontally between two chucks in a lathe over a strong 
knife which runs the full length of the log. As the log is rotated 
the blade peels off the veneer in a continuous sheet, for it is 
geared to advance the required thickness with each revolution. 

For slicing, the timber is first cut into flitches. The flitch is 
secured to a frame, and is brought down so that it moves diagon¬ 
ally across the knife. The knife moves forward the right thick¬ 
ness with each cut. 
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Fro. 32. Coreboard Joints. 
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In the third method, the logs are first quartered on a vertical 
breaking-down saw. The segments are fixed in a lathe with the 
chucks secured in a corner nearest the sapwood. The log rotates 
eccentrically for the cut and the knife moves forward as in rotary 
cutting. 


Asbestos Cement 

Asbestos cement sheets are composed of asbestos, fibre and Port¬ 
land cement. These ingredients are thoroughly mixed and com¬ 
pressed, the resultant sheet being smooth on one surface, and 
strong, although inclined to be brittle. It has the advantages 
of easy handling and quick erection enjoyed by the other build¬ 
ing boards. It is useful for both outside and inside lining, as it 
is perfectly weatherproof, termite-proof and fire-resistant. It is 
made in several thicknesses, in sheets 3 feet and 4 feet wide, in 
lengths increasing by 1 foot up to 12 feet. Several surface finishes 
are available, including an imitation tile for bathrooms and kit¬ 
chens and a sheet veneered with figured timber. Standard build¬ 
ing thicknesses have considerably less temperature insulating 
value than weatherboards, or soft building boards. 

Fixing Asbestos Cement. This material is fixed to studs or ceil¬ 
ing joists, nailed with blunt pointed, large-headed clouts. It is 
finished with asbestos cement cover-strips over the joints, while 
timber cover-strips are frequently used for interior work. Some¬ 
times interior walls are left without joint cover and are papered. 
There is a tendency for the paper to split down the joints with 
the movement of the building frame, especially in climates 
where there are sudden temperature changes. For this reason, 
papering over any of the various building boards is inclined to 
be risky. 





CHAPTER 7 

CARPENTRY 

The essence of the carpenter’s trade might be broadly defined 
as the ability to join various pieces of timber together cor¬ 
rectly. Timber is subjected to the same stresses as other building 
materials, so that the design of joints is of great importance. 
There are three main headings under which joints may be 
classified, as arranged by Mitchell. They are (i) lengthening 
joints, which include lapping, fishing, scarfing, building up, 
(ii) bearing joints, which include notching, cogging, halving, 
dovetailing, housing, the various kinds of mortise and tenoning, 
foxtail wedging, and (iii) oblique shouldered joints, which in¬ 
clude mitre, birdsmouth, halving and dovetailing, oblique tenon 
(Fig. 33). 


Definitions 

Lapping. This is perhaps the simplest of all joints, with the 
exception of butting. It consists of overlapping the two pieces 
of material to be joined and securing them with bolts, usually 
plated, or with straps and bearing plates. It is a temporary 
expedient only. 

Butting. A butt joint is made by placing two squared sur¬ 
faces of timber together and securing them by means of nails, 
screws, straps or glue. The strength of the joint depends entirely 
on the securing agent. 

Fishing. Two pieces of timber are butted together, and plates 
of timber or wrought iron are secured on opposite sides, bolted 
together through the timbers. Greater strength may be secured 
by keying the beams into each other, or the plates into the beams. 

Scarfing. Scarfed joints may be used for compression or ten¬ 
sion and consist, basically, of shaping and keying the two ends 
of timber into each other. A great many scarfed joints have been 
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designed, but the simplest have proved the most satisfactory. 
Fish-plates are frequently used in conjunction with scarfing. 

Building Up. Perhaps better known as laminating, this is a 
method of using several pieces of timber of small section to 
secure the strength of a larger section, while retaining ease of 
handling. The use of the modern timber connector has opened 
up great possibilities for this method. 

Halving. This is a useful joint, especially as it can be em¬ 
ployed for lengthening and joining timbers, securing timbers 
at angles, or timbers which cross. It is made by cutting out 
half the thickness of each piece of timber and lapping one into 
the other. 

Housing. This consists of letting the entire thickness of one 
end of a piece of timber into another for a short distance. This is 
the joint most frequently used in framing up a timber building, 
having almost entirely displaced the mortise and tenon. 

Dovetailing. This is sometimes used in preference to housing 
when heavier timbers are used and greater strength in the joint 
desired. It is now, however, restricted almost entirely to joiner's 
work. 

Notching. A notch is simply the cutting out of a piece of a 
joist or similar structural member so that it may fit over another 
timber, such as a plate. 

Cogging. This is a development of notching, notches being 
cut out of both pieces of timber. 

Mortise and Tenon. This joint is used for the same general 
purposes as housing, and was earlier much used in timber frame 
construction. The tenon is the full width of the timber by 
one-third of its thickness. This fits into a hole or mortise pre¬ 
pared to receive it, cut through the other timber. The tenon is 
then wedged from the back. There are many variations of the 
mortise and tenon, of which the stub tenon (Fig. 33) is frequently 
used in carpentry work. Chase mortises are also used when the 
tenoned piece cannot be put directly into position, but has to 
be slid along. 

Tusk Tenon. This is a valuable joint, its chief use being to 
secure trimmers to trimming joists. The tenon goes right through 
the trimming joist and is pegged into position by means of a 
wooden key. 





Fig. 33. Carpentry Joints. 
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Dowelled Joint. This is used for strengthening a butt joint, 
and is a variation of the mortise and tenon joint, a dowel or 
pin of wood or metal taking the place of the tenon. It is particu¬ 
larly useful for securing the foot of door frames to the threshold, 
especially when the threshold is of some material other than 
timber. 

Wedging. A wedge is a piece of timber of uniform width but 
tapering thickness. It is used to secure joints, such as the mortise 
and tenon, in which case a wedge is driven back towards the 
shoulder on each side of the tenon. When the back of the mor¬ 
tised member is inaccessible, saw-cuts are made in the tenon near 
each side and wedges driven partly in before the tenon is in¬ 
serted in the mortise. As the tenon is driven in, the wedges are 
forced back into the tenon, thus closing the joint. This is known 
as foxtail wedging. 

Fox Wedges. Also known as folding wedges, fox wedges are a 
pair of ordinary wedges, one driven in from each side, so that 
the pressure they exert is equal. Folding wedges are used to 
close up scarfs and in shoring (see Chap. 22). 

Birdsmouth. This is the joint commonly used in seating rafters 
over wall plates and consists of a checking taken out of the 
rafter to form a bearing on the plate. 

Timber Connectors. Timber connectors were first used in 
Europe towards the end of the 1914-18 war. The idea was later 
adopted and developed in the United States of America and in 
Canada, and more recently in Australia and New Zealand. It is 
probable that the use of these units will almost entirely super¬ 
sede bolted joints previously used in timber trusses, towers, 
pile frames, bridges, wharves and form work. They permit high 
efficiency joints, the use of laminated or built-up members, and 
simplify the construction and erection of timber structures. 

There are two main types of connectors in use in Australia— 
the split ring for timber joints, and the shear plate for steel 
to timber joints or, used in pairs, for timber joints for demount¬ 
able structures. A third type, the toothed ring, is also used for 
timber joints, but is suitable only for softwoods, such as Oregon. 

In all cases the timbers are held together by a bolt and standard 
plate washers. The bolt passes right through the timbers to be 
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Fig. 34. Floor Construction. 
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joined and thus holds them together, while the connector car¬ 
ries the load. The split ring is the standard connector for all 
kinds of timber, including hardwoods, and fits into grooves 
cut in the adjoining faces of the members by means of a special 
grooving tool. The groove is of slightly larger diameter than 
the ring which, being made of a special bevel section steel, is 
sprung into the groove. 

Shear plates are also placed in grooves, but the surface of the 
plate is flush with the surface of the timber, so that the steel 
plate or strap may also fit flush. The bolt bears on the shear 
plate, which distributes the load over a much wider area. 

The toothed ring is of steel, ribbed to guard against lateral 
bending, with sharpened teeth on each edge. It is embedded by 
pressure to half its width in each of the contacting timber sur¬ 
faces, thus transmitting the load from member to member. 
Timber connectors are made in the following standard diameters: 
split rings, 2-|- inches and 4 inches, shear plates, 2§ inches and 
4 inches, and toothed rings 2f inches and 4 inches. 

As the effectiveness of the connectors depends to a great extent 
on the bolts, it is essential that periodic tightening is carried 
out. If unseasoned timber is used bolts should be tightened three 
months after erection and at the end of the first and second 
summers. 


Floors 

The carpenter's work, apart from the erection of scaffolding, etc., 
usually commences with the ground floor. This is carried on 
plates of hardwood, which rest on engaged piers at the walls 
and on bearers carried on sleeper piers, across which are laid the 
joists—also of hardwood (Fig. 34). 

These timbers are all treated with a white-ant preventive 
before being fixed, and those in contact with the piers are placed 
on caps to protect them from termites and from damp. Standard 
construction is 4" x 3" plates and bearers, placed on their edge, 
at not more than 6 feet centres, and 4" x 2" joists at not more 
than 18 inch centres. The following tables show the minimum 
sizes for bearers and joists under certain load and span con¬ 
ditions, permitting a deflection of up to % 60 of the span. For 
permissible floor loads on different types of buildings see Chap¬ 
ter 10. 
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SIZE OF BEARERS 


Live load (lb. 
per sq. foot) 

Span (feet) 

Spacing 

(feet) 

Hardwoods 

(inches) 

Pines and 
softwoods 
(inches) 

40 

5 

4 

3 X 3 

4X2 

40 

5 

5 

3X3 

4X3 

40 

5 

6 

4X2 

4X3 

40 

6 

4 

3X3 

4X3 

40 

6 

5 

4X3 

5X3 

40 

6 

6 

4X3 

5X3 

60 

5 

4 

4X2 

4X3 

60 

5 

5 

4X3 

5X3 

60 

5 

6 

4X3 

5X3 

60 

6 

4 

4 X 3 

5X3 

60 

6 

5 

4X3 

6X3 

60 

6 

6 

5X3 

6X3 

100 

5 

4 

4 X 3 

5X3 

100 

5 

5 

5X3 

6X3 

100 

5 

6 

5X3 

6X4 

100 

6 

4 

5 X 3 

6X3 

100 

6 

5 

5 X 3 

6X4 

100 

6 

6 

6X3 

6X4 


SIZE OF FLOOR JOISTS 


Live load (lb. 
per sq. foot) 

Span (feet) 

Spacing 
(inches) 

Hardwoods 

(inches) 

Pines and 
softwoods 
(inches) 

40 

5 

18 

3 X 2 

3X2 

40 

6 

18 

3 X 2 

3X2 

60 

5 

18 

3X2 

3X2 

60 

6 

18 

3X2 

4X2 

100 

5 

18 

3X2 

4X2 

100 

6 

18 

4X2 

4X2 


Upper Floors. As supporting piers are impossible under upper 
floors, much larger spans have to be provided for. In house con¬ 
struction, the joists of upper floors invariably span the full 
width of the room below. When the span is such that the size 
of timbers required for joists goes beyond reasonable dimensions, 
the spans are divided by means of girders, usually rolled steel 
joists, into two or more bays, and the joists calculated to carry 
between the supports. When the span is more than 6 feet, her¬ 
ringbone strutting or bridging is built between the joists to keep 
them stiff (Fig. 34). 
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The following table gives minimum sizes for upper floor joists 
under certain load and span conditions. 


SIZE OF UPPER FLOOR JOISTS 


Live load (lb. 
per sq. foot) 

Span (feet) 

Spacing 

(inches) 

Hardwoods 

(inches) 

Pines and 
softwoods 
(inches) 

40 

9 

18 

6X2 

7X2 

40 

10 

18 

8X2 

8X2 

40 

12 

18 

8X2 

9X2 

40 

14 

18 

10 X 2 

11X2 

40 

16 

18 

11X2 

12 X 2 

60 

9 

18 

7X2 

7X2 

60 

10 

18 

8X2 

8X2 

60 

12 

18 

9X2 

10 X 2 

60 

14 

18 

11X2 

11X2 

60 

16 

18 

12 X 2 

12 X 2 

100 

9 

18 

8X2 

8X2 

100 

10 

18 

9X2 

9X2 

100 

12 

18 

9X2 

10 X 2 

100 

14 

18 

12 X 2 

12 X 2 

100 

16 

18 

12 X 3 

12 X 3 


In almost every instance, joists of the depth shown, by 1£ inches 
in thickness, would be sufficiently strong and are, in fact, recom¬ 
mended by some authorities. As this thickness does not afford 
sufficient nailing area, especially for end-nailing butting floor 
boards, it is not practical. 

Storey Posts and Beams. When a large area without cross walls 
—such as in a warehouse or store—is to be floored, storey post 
and beam construction may be used (Fig. 34). Storey posts are 
l^laced at suitable intervals, determined by the planning require¬ 
ments of the plant to be accommodated or the material to be 
stored, and the weight to be carried. The posts of the lowest 
floor stand on a concrete pedestal, to which they are dowelled. 
This in turn stands on reinforced concrete footings (Fig. 2, 
Footings). Posts are one storey in height. A bolster made of a 
length of rolled steel joist or of boiler plate is placed on top 
of each post, projecting sufficiently to carry the beams. The 
post for the floor above sits on the bolster. Posts and beams are 
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dowelled or pinned through the bolster (Fig. 34). Floor joists 
are cogged to the beams. 

The most suitable timber for this heavy construction is iron- 
bark, although several other Australian hardwoods are quite 
satisfactory (see “Building Timbers”). Tables for timber storey 
posts and beams follow. 


SAFE DISTRIBUTED LOAD IN POUNDS 


FOR BEAMS OF TIMBERS WITH A MODULUS OF RUPTURE OF NOT LESS THAN 24,000 

POUNDS PER SQUARE INCH 


Beam 
(inches) 

Span (feet) 

10 

12 

14 

16 

18 

20 

9 

X 

6 

15,900 

13,200 

11,200 

9,690 

8,510 

7,560 

9 

X 

9 

23,900 

19,800 

16,800 

14,500 

12.800 

11,300 

10 

X 

8 

26,300 

21,700 

18,500 

16,000 

14,100 

12,500 

10 

X 

10 

32,800 

27,200 

23,100 

20,000 

17,600 

15,700 

12 

X 

8 

37,900 

31,400 

26,800 

23,200 

20,500 

18,200 

12 

X 

10 

47,400 

39,300 

33,400 

29,000 

25,600 

22,800 

12 

X 

12 

56,900 

47,100 

40,100 

34,800 

30,700 

27,400 

14 

X 

10 

60,200 

53,600 

45,700 

39,700 

35,000 

31,300 

14 

X 

12 

72,200 

64,300 

54,800 

47,700 

42,000 

37,500 

14 

X 

14 

84,200 

75,000 

64,000 

55,600 

49,100 

43,800 

16 

X 

10 

71,900 

67,600 

59,800 

52,100 

46,000 

41,100 

16 

X 

12 

86,300 

81,100 

71,800 

62,500 

55,200 

49,300 


FOR BEAMS OF TIMBERS WITH A MODULUS OF RUPTURE OF NOT LESS THAN 20,000 

POUNDS PER SQUARE INCH 


Beam 



Spa 

n (feet) 



(inches) 

10 

12 

14 

16 

18 

20 

9X6 

13,200 

10,900 

9,270 

8,010 

7,010 

6,210 

9X9 

19,800 

16,400 

13,900 

12,000 

10,500 

9,320 

10 X 8 

21,800 

18,000 

15,300 

13,200 

11,600 

10,300 

10 X 10 

27,300 

22,500 

19.100 

16,600 

14,500 

12,900 

12 X 8 

31,500 

26,100 

22,200 

19,200 

16,900 

15,000 

12 X 10 

39,400 

32,600 

27,700 

24,000 

21,100 

18,800 

12 X 12 

47,300 

39,100 

33,300 

28,800 

25,400 

22,600 

14 X 10 

48,000 

44,500 

37,900 

32,900 

29,000 

25,800 

14 X 12 

57,600 

53,400 

45,500 

39,500 

34,800 

31,000 

14 X 14 

67,200 

62,300 

53,100 

46,100 

40,600 

36,200 

16 X 10 

57,400 

53,900 

49,700 

43,200 

38,100 

34,000 

16 X 12 

68,900 

64,700 

59,600 

51,800 

45,700 

40,700 
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FOR BEAMS OF TIMBERS WITH A MODULUS OF RUPTURE OF NOT LESS THAN 12,000 

POUNDS PER SQUARE INCH 


Bearn 

Span (feet) 

(inches) 

10 

12 

14 

16 

18 

20 

9X6 

7,400 

6,480 

5,470 




9X9 

11,100 

9,720 

8,210 




10 X 8 

11,200 

10,700 

9,060 

7,800 



10 X 10 

14,000 

13,400 

11,300 

9,750 



12 X 8 

14,000 

13,300 

12,900 

11,400 

9,950 

8,800 

12 X 10 

17,500 

16,700 

16,100 

14,200 

12,400 

11,000 

12 X 12 

21,000 

20,000 

19,300 

17,000 

14,900 

13,200 

14 X 10 

21,300 

20,200 

19,300 

18,700 

17,100 

15,200 

14 X 12 

25,600 

24,200 

23,200 

22,500 

20,500 

18,200 

14 X 14 

29,900 

28,200 

27,100 

26,200 

23,900 

21,200 

16 X 10 

25,500 

23,900 

22,800 

22,000 

21,300 

20,000 

16 X 12 

30,600 

28,700 

27,300 

26,400 

25,600 

24,000 


SAFE CENTRAL LOAD IN POUNDS 

FOR COLUMNS OF TIMBERS WITH A MODULUS OF RUPTURE OF NOT LESS THAN 
24,000 POUNDS PER SQUARE INCH 


Column 

Length (feet) 

(inches) 

10 

12 

14 

16 

18 

20 

6X6 

45,000 

33,000 

26,000 

20,000 

16,000 

13,000 

8X8 

110,000 

93,000 

75,000 

60,000 

49,000 

40,000 

9X9 

160,000 

130,000 

110,000 

93,000 

76,000 

63,000 

10 X 10 

210,000 

190,000 

160,000 

130,000 

110,000 

94,000 

12 X 12 

330,000 

310,000 

280,000 

240,000 

210,000 

180,000 

14 X 14 

470,000 

450,000 

420,000 

390,000 

340,000 

300,000 


FOR COLUMNS OF TIMBERS WITH A MODULUS OF RUPTURE OF NOT LESS THAN 
20,000 POUNDS PER SQUARE INCH 


Length (feet) 


Column 

(inches) 


6X6 
8X8 
9X9 
10 X 10 
12 X 12 
14 X 14 


10 


39,000 

99,000 

130,000 

180,000 

280,000 

400,000 


12 


29,000 

81,000 

110,000 

160,000 

260,000 

380,000 


14 


22,000 

64,000 

98,000 

140,000 

240,000 

360,000 


16 


17,000 

51,000 

79,000 

110,000 

210,000 

330,000 


18 


13,000 

42,000 

65,000 

97,000 

180,000 

290,000 


20 


11,000 

35,000 

55,000 

80,000 

150,000 

260,000 
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FOR COLUMNS OF TIMBERS WITH A MODULUS OF RUPTURE OF NOT LESS THAN 
12,000 POUNDS PER SQUARE INCH 


Column 

Length (feet) 

(inches) 

8 

10 

12 

14 

16 

18 

6X6 

33,000 

26,000 

20,000 

15,000 

12,000 


8X8 

71,000 

62,000 

53,000 

44,000 

35,000 

29,000 

9X9 

93,000 

86,000 

75,000 

64,000 

54,000 

46,000 

10 X 10 

120,000 

110,000 

100,000 

90,000 

77,000 

66,000 

12 X 12 

180,000 

170,000 

160,000 

140,000 

130,000 

110,000 

14 X 14 

240,000 

230,000 

220,000 

210,000 

200,000 

190,000 


Sound Proofing. Several methods of construction have been used 
in an effort to prevent the passage of sound from one floor to 
another, but in all-timber construction none of these has been 
more than partially successful. Slag wool, fibrous and other pug- 
gings are sometimes placed on boarding secured by fillets near 
the centre of the floor joists, and patent slabs of various materials 
are also used in the same way. Independent ceiling joists placed 
between the floor joists also have the effect of reducing the 
volume of sound transmission, and have the added advantage 
of eliminating the risk of cracks in the ceiling material as the 
result of vibrations of the floor above (Fig. 35). None of these 
methods, however, is standard practice. 

Trimming. In trimming in ground floor timbers on account of 
fireplaces and similar breaks, the use of additional sleeper piers 
simplifies construction. On upper floors no such expedient is 
available, so trimmers are used, supported by trimming joists to 
which they are secured by means of a tusk tenon (Fig. 33) or 
notching, checking, or stepped housing. Trimming for stair wells 
is carried out in the same way. 

Wood Floors Over Concrete. There are several methods of 
securing wood joists that are laid over reinforced concrete slabs, 
the most common being the use of splayed joists set on the 
structural concrete and packed with light clinker or coke breeze 
concrete. This is not wholly satisfactory, as the timber swells 
when coming into contact with the wet concrete. When, later, 
it dries out, it shrinks away from the concrete and movement, 
with squeaky floors as a consequence, generally results. Hoop- 
iron straps or patented fixing clips built into the concrete, and 
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later secured to the joists after the concrete has thoroughly dried 
out, offer a better solution to this difficult problem (Fig. 35). 

Flooring. Several Australian timbers are suitable for flooring 
boards, cypress pine being the most commonly used for inside 
work. Flooring for verandas, porches and exposed positions is 
of hardwood. Tallow-wood, jarrah and other hardwoods are used 
for flooring inside the building when a floor is to be subjected 
to heavy wear, or where a decorative floor is desired. Cypress 
and other pine flooring is milled out of 4" x 1", x 1", or 
6" x 1" material. The narrower boards make the better floor, 
for there is less shrinkage in the individual boards and less 
liability to warp. Hardwood flooring is milled in several thick¬ 
nesses and in widths from 4 inches down. The boards are milled 
with a groove in the centre on the underside to counteract the 
tendency of Australian hardwoods to warp. 

Flooring is almost always milled with tongued and grooved 
side joints, which are practically dustproof, and serve to bind 
the whole floor together. End joints are butted over joists, al¬ 
though experiments have been carried out with flooring with 
tongued and grooved end joints, in order to eliminate all end 
waste. It is claimed for this method that joints need not 
necessarily occur over joists. 

Ordinarily, each board is held by two nails at each joist. Nails 
are punched below the surface. For good work, however, secret 
nailing is used. One nail is driven in on an angle over each joist 
from the edge of the board just above the tongue (Fig. 35). 
Boards 3 inches wide or less should be used when secret nailing 
is to be employed. 

Parquet Flooring. This is a decorative flooring, laid over a wood 
floor or concrete floor base, usually in hot bitumen. It consists 
of small repetitive patterns made up of such timbers as tallow- 
wood, mahogany, blackbutt, jarrah, Tasmanian oak, blackwood, 
rimu and matai (Fig. 36). 

The pieces are tongued and grooved together at sides and 
ends, sometimes merely butted (in the case of very thin par¬ 
quetry) or secret-nailed. Some patented parquetries include 
symmetrically arranged strips of rubber to render the floor 
non-slip. Thicknesses usually range between § inch and f inch. 
After laying, the floor is generally smoothed with an electric 
sanding machine and polished, stained or waxed. 


i 





Fig. 36. Parquet Floors. 






CORNER FRAMING 



FLOOR CONSTRUCTION-FRAME BUILDING 


Fig. 37- Floor Construction, Frame Building. 
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Timber Frame Construction 

For a timber framed building, the construction to the ground 
floor level is essentially the same as for a brick building, except 
that the brickwork surrounding the building below the floor 
level is usually only a screen wall 4 \ inches thick between 9-inch 
by 9-inch bonded piers. In cases of extreme economy, or in hot 
districts where the maximum of under floor air movement is a 
necessity, brick or concrete piers only are used. In some country 
districts blocks of cypress pine are in common use. 

The whole area of the building is either floored first and the 
bottom plates of the walls secured through the flooring to the 
joists, or the plates are laid straight on the joists and the floor¬ 
ing filled in later, each room separately as in a brick building 
(Fig. 37). 

The advantages of the first-mentioned method are a slight 
economy in brick piers and floor joists, greater ease and speed 
of erection of the framing on account of the firm floor from 
which the carpenters can work, and greater adaptability in the 
case of later alterations to the building. It is imperative, however, 
that the flooring is first cut to length and then laid face down¬ 
wards until the framing is prepared ready for erection. As soon 
as the flooring is turned over and nailed the work of erecting the 
frame must be proceeded with with all possible speed, so that 
the flooring is covered from sun and rain as soon as possible. 

The walls are framed up with studs at 18-inch centres, housed 
to bottom and top plates. Studs are trimmed for door and win¬ 
dow openings and the whole structure is well braced with 
3" x 1" braces, let in flush with the studs on their outer faces. 
The outer surface of the studs may be covered with weather¬ 
boards, of which there are several types and sizes available (Fig. 
38), smooth asbestos cement sheets, or waterproofed plywood. 

The interior surface and partition walls may be covered with 
fibrous plaster, asbestos cement sheets, wood linings, plywood, 
or one or more of a wide range of manufactured building boards 
(see “Building Boards”). 

Brick Veneer Construction 

Brick veneer construction consists of a timber-framed structure 
with an outer or veneer wall of brick, 4 \ inches thick. Brick¬ 
work is built to ground floor level as for a timber building. The 
timber frame is then completed to the level of the top plates, 
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after which the brickwork is continued, from the floor level. The 
outer face of the studs is covered with a waterproof building 
paper and a cavity of at least H inches is left between that and 
the brickwork. Hoop-iron straps are nailed to the studs and 
built into the brickwork at every fourth course to tie the timber 



frame and the brick sheathing together. If building paper is 
not used on the studs, ordinary wall ties may take the place of 
the hoop-iron straps (Fig. 89). 

Unless a shortage or an abundance of some material is caused 
by unusual local conditions, the cost of a brick veneer building 
is midway between that of a brick building and a timber build- 
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ing. The advantages over a weatherboard or asbestos cement 
sheathed building which this extra expenditure provides are 
better insulation against temperature changes, less external 
maintenance and a reduced fire risk from outside the building, 
namely, from bush or grass fires. 



BRICK VENEER CONSTRUCTION 


Fig. 39. Brick Veneer Construction. 
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Ceiling Joists 

Joists to carry the ceiling material are spaced at 18-inch centres 
and usually span the shortest dimension of the area to be ceiled. 
They rest on and are secured to wall plates, tie beams or girders, 
according to the method of construction, and where possible are 
secured to the feet of rafters to help tie the roof. When spans 
exceed 6 feet, a hanging-beam or stringer is usually placed above 
the ceiling joists, supported off the end w'alls or secured to 
rafters. This is of sufficient size to correct any tendency to deflec¬ 
tion in the joists, which are secured to it by means of wood fillets 
or hoop-iron straps. Stringers are rarely placed more than 6 feet 
apart. The following tables show the minimum sizes for ceiling 
joists and hanging-beams under certain span conditions, to sup¬ 
port the normal dead load and the weight of one man. 


SIZE OF CEILING JOISTS SUPPORTED 
AT ENDS ONLY 


Span (feet) 

Hardwoods 
(inches) 

Pines and soft¬ 
woods (inches) 

8 

4X2 

5X2 

9 

5X2 

5X2 

10 

5X2 

6X2 

11 

6X2 

6X2 

12 

6X2 

6X2 


SIZE OF CEILING JOISTS CONTINUOUS OVER 
THREE OR MORE SUPPORTS 


Distance between 
supports (hanging- 
beams or walls) in 
feet 

Hardivoods 

(inches) 

Pines and soft¬ 
woods (inches) 

4 

3X2 

3 X 2 

5 

3 X 2 

3X2 

6 

3 X 2 

4X2 

7 

4X2 

4X2 

8 

4X2 

4X2 

9 

4X2 

4X2 

10 

4X2 

5X2 
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As with floor joists many of the above joists could quite safely 
be 1^-inches thick, except for the need for sufficient nailing 
width to join battens. 


SIZE OF HANGING-BEAMS UP TO 
EIGHT FEET APART 


Length (feet) 

Hardwoods 
(inches) 

Pines and soft¬ 
woods (inches) 

10 

7 X U 

8 X U 

12 

8X11 

9 X ii 

14 

9Xlj 

10 x 4 

16 

10 X H 

11 X H 

18 

ii x n 

12 X H 

20 

12 X U 

12 X 2 


Battens are nailed to the ceiling joists at close intervals, rang¬ 
ing from 12-inch centres to 16-inch centres according to the 
ceiling material used, which is fixed to the battens. Fibrous 
plaster is most commonly used, but asbestos cement sheets and 
the various building boards are also available for ceilings. Lining 
boards are still sometimes used. 

When there are floor joists to carry a floor above, ceiling joists 
are generally omitted and the battens and ceiling material 
secured to the underside of the floor joists, except as described 
under “Sound Proofing”. In such cases the joists must remain 
rigid under a moving load, or the ceiling material will become 
cracked and unsightly. The maximum deflection allowed for 
floor and ceiling joists that support ceilings is 1:360 the span. 
Another rule gives the maximum deflection as one-fortieth of an 
inch per foot of span. Over a span of 14 feet the allowable 
deflections are respectively -35 inch and *46 inch. Greater rigidity 
is required for plaster ceilings. Under verenda roofs, the ceiling 
material is frequently secured to the rafters, thus doing away 
with the need for ceiling joists. The same is the case for the 
whole or part of the ceiling when Gothic trusses are used, the 
linings then being either above or below the rafters. Ceiling 
material is sometimes placed above the joists when a beamed 
effect is desired. At other times it is placed between ceiling joists 
and held in place by quadrants or moulds (Fig. 35). 
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Roof construction begins with the simple forms required for 
small spans and goes up through many stages to complicated 
trusses which span 100 feet oV more. There are three main 
classifications: (i) roofs consisting of one system of timbering, 
such as flat, lean-to and coupled roofs (gable and hip) with 
common rafters only; (ii) double timbering, where purlins and 
struts are used to support common rafters; (iii) and triple tim¬ 
bering, where trusses are used to support purlins and common 
rafters. 

Flat Roofs. Frequently used as walk-outs, these are constructed 
with joists as for upper floors, with splayed fillets or tapered 
grade battens secured on top. These are arranged to give a fall 
to box gutters, eaves gutters, or some other system of disposing 
of roof water. Tongued and grooved boarding, running with the 
grade, is secured to the fillets and is covered with one of several 
available waterproof roofing materials, of which bitumen and 
felt are the principal constituents. 

Lean-to Roof. This is simply constructed with rafters secured 
to wall plates at each end and all sloping in the one direction, 
usually from a parapet to an eaves. This type of roof is occa¬ 
sionally used for large spans, supported by parallel trusses. A 
simple lean-to roof is shown in Fig. 40. 

Coupled Roof. Used for garages and similar small buildings, 
this is made up of rafters secured to wall plates at their foot and 
a central ridge at their head, arranged in the form of a gable. 
When ceiling joists are used to tie the feet of the rafters this is 
known as a close coupled roof (Fig. 40). 

Gable Roof. This is described above. It terminates in brick or 
timber-framed gable-ends, and in spans of more than 12 feet the 
rafters are further supported by purlins and struts. The purlins 
are built into the gable-ends and strutted from intermediate 
walls (Fig. 40). 

Hipped Roof. A hipped roof slopes upwards from all outer walls, 
rising to an apex if the building is square, and to a ridge if 
it is rectangular on plan. In their simplest forms, gable and 
hipped roofs are close coupled roofs, but when the spans increase 
purlins are required to support the rafters and collar ties to 



124 Australian Methods of Building Construction 

prevent their spreading. Where intermediate walls are not avail¬ 
able to carry struts, it may be necessary to support the purlins 
from parallel trusses. 

Rafters. Following are tables giving safe dimensions for rafters 
carrying tile and corrugated iron and corrugated asbestos cement 
roof coverings under various conditions. 


SIZE OF RAFTERS SPACED AT 18-INCH CENTRES FOR TILE ROOFS 


Distance 

between 

supports 

(feet) 

Supported at ends only 

Continuous over three 
or more supports 

Hardwoods 

(inches) 

Pines and 
softwoods 
(inches) 

Hardwoods 

(inches) 

Pines and 
softwoods 
(inches) 

4 

3X2 

3X2 

3X2 

3X2 

5 

3X2 

3X2 

3X2 

3X2 

6 

4X2 

4X2 

3X2 

3X2 

7 

4X2 

5X2 

3X2 

4X2 

8 

5X2 

5X2 

4X2 

4X2 

9 

6X2 

6X2 

4X2 

5X2 

10 

6X2 

7X2 

5X2 

5X2 

11 

7X2 

7X2 

5X2 

6X2 

12 

7X2 

8X2 

6X2 

6X2 


RAFTERS FOR CORRUGATED IRON AND CORRUGATED ASBESTOS 

CEMENT ROOFS 


Supported at ends 
only 


Continuous over three 
or more supports 


Spacing 
(inches) 


24 

24 

24 

24 

30 

30 

30 

30 

36 

36 

36 

36 


Distance 

between 

supports 

(feet) 


6 

8 

10 

12 

6 

8 

10 

12 

6 

8 

10 

12 


Hard¬ 
woods 
(inches) 


3X2 

4X2 

5X2 

6X2 

3X2 

4X2 

5X2 

6X2 

3X2 

4X2 

5X2 

6X2 


Pines and 
softwoods 
(inches) 


3X2 

4X2 

5X2 

6X2 

3X2 

4X2 

5X2 

6X2 

3X2 

4X2 

5X2 

6X2 


Hard¬ 
woods 
(inches) 


3X2 
3X2 
3 X 2 
4X2 
3 X 2 
3 X 2 
4X2 
4X2 
3 X 2 
3X2 
4X2 
5X2 


Pines and 
softwoods 
(inches) 


3X2 
3X2 
4X2 
5X2 
3 X 2 
4X2 
4X2 
5X2 
3 X 2 
4X2 
5X2 
6X2 






























Fig. -10. Small Span Roofs. 
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Purlins. The purlins which support the rafters in double tim¬ 
bered roofs are supported by struts from cross walls or from 
parallel trusses. Except in large structures or in institution-type 
buildings which are symmetrically laid out, the spans between 
struts are likely to vary considerably. The purlins must be cal¬ 
culated for the largest spacing of struts, so that quite frequently 



Fig. 41. King and Queen Post Trusses. 
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a larger section of timber than is theoretically necessary is used 
for the greater length of the member. This is unavoidable. 

Purlins are beams and must be designed as such. The timber 
used must be sound, straight grained and free from knots. If a 
purlin deflects under wind load, the rafters not only have to 
take the effect of the whole roof load over their full span, but 
must carry the weight of the purlin in addition. Struts are placed 
to decrease the stresses in the purlins. It is important that all 
joints are the correct ones so that the timbers cannot be shaken 
loose by gales. Struts are particularly necessary at the junctions 
of purlins with hip beams or boards. 

Collar Ties. These are transverse roof ties and braces fixed at a 
height midway between ridge and ceiling joists (Fig. 40). They 
are usually notched across the purlins and are securely spiked 
to every second or third set of rafters. 

Trussed Roofs. There is an infinite variety of roof trusses, the 
two most commonly used by carpenters being the King Post 
truss and the Queen Post truss, the former for spans up to 30 
feet and the latter up to 46 feet. The inclusion of Princess Posts 
produces a truss that is effective up to a span of 60 feet. 

King Post Truss. This consists of a tie beam resting on a tem¬ 
plate, usually of boiler plate, at each end of the span, with a 
central, or king, post supporting the principal rafters, which 
are also strutted from the foot of the king post (Fig. 41). 

A heel strap, checked into the tie beam and secured with a 
plate over the principal rafter, held by nuts on the threaded 
ends of the strap, secures the foot of the principal rafter to the 
end of the tie beam. A stirrup, tightened up by double or fox 
wedges, secures the king post at the centre of the tie beam. A 
dowel is sometimes used here in addition. A three-winged head 
strap secures the head of the king post with the heads of the 
principal rafters (Fig. 42). 

The trusses are placed at appropriate intervals, with purlins 
spanning from truss to truss. On these are carried the common 
rafters, spaced in accordance with the type of roof covering. 
When corrugated iron or asbestos-cement roof coverings are used, 
it is now common practice to dispense with the common rafters 
and battens, and use additional purlins at not more than 3-feet 
centres. The roof covering is then screwed direct to the purlins. 
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Queen Post Truss. Following the general principals of the king 
post truss, the span of the tie beam is divided approximately 
into three, and two posts are used instead of one (Fig. 41). The 
principal rafters extend only from the tie beam to the top of 
the queen posts, where posts and rafters are joined by a straining 
beam. A straining sill is fixed on the tie beam between the feet 
of the two queen posts. The principal rafters are strutted from 
the foot of the posts. Heel strap and stirrup strap are the same 
as in the king post truss, and a three way strap secures principal 
rafter, straining beam and post (Fig. 42). Purlins and common 
rafters are used in a similar manner to the king post truss. 

Following are tables of sizes for the component parts of king 
and queen post trusses, from Hurst’s Handbook . These trusses 
would carry tile roofs, ceiling joists and ceilings, and are de¬ 
signed for Oregon. Dimensions are in inches. Trusses are 10 feet 
apart. 


SIZE OF TIMBERS FOR KING POST AND QUEEN POST TRUSSES 


Span 

(feet) 

Tie 
beam 
(inches) 

King 
post 
(inches) 

Queen 

posts 

(inches) 

Principal 
rafters 
(inches) 

Straining 
beam 
(inches) 

Stmts 
(inches) 

Purlins 
(inches) 

20 

9* 

X 

4 

4 

X 

3 




4 

X 

4 




34 

X 

3 

8 

X 


22 

94 

X 

5 

5 

X 

3 




5 

X 

34 




3f 

X 

24 

84 

X 

5 

24 

104 

X 

5 

5 

X 

34 




5 

X 

4 




4 

X 

24 

84 

X 

5 

26 

114 

X 

5 

5 

X 

4 




5 

X 

44 




44 

X 

24 

8f 

X 

5 

28 

114 

X 

6 

6 

X 

4 




6 

X 

34 




44 

X 

2f 

8J 

X 

54 

30 

12 

X 

6 

6 

X 

44 




6 

X 

4‘ 




4f 

X 

3 

9 

X 

54 

32 

10 

X 

4* 



4* 

X 

4 

4* 

X 

6} 


X 

44 

H 

X 

24 

8 

X 

4J 

34 

10 

X 

5 




5 

X 

34 

5 

X 

64 

6f 

X 

b 

4 

X 

24 

84 

X 

5 

36 

104 

X 

5 




5 

X 

4” 

5 

X 

6J 

7 

X 

5 

44 

X 

2* 

84 

X 

5 

38 

10 

X 

6 




6 

X 

3f 

6 

X 

6 

n 

X 

6 

44 

X 

24 

84 

X 

5 

40 

11 

X 

6 




6 

X 

4 

6 

X 

64 

8 

X 

6 

44 

X 

24 

84 

X 

5 

42 

114 

X 

6 




6 

X 

44 

6 

X 

6| 

84 

X 

6 

44 

X 

2f 

8f 

X 

5 i 

44 

12 

X 

6 




6 

X 

5 

6 

X 

7 

84 

X 

6 

44 

X 

3 

9 

X 

5 

46 

12* 

X 

6 




6 

X 

5* 

6 

X 

n 

9 

X 

6 

4} 

X 

3 

9 

X 

5* 


The purlins given in the foregoing table are for use in a truss 
which is complete with common rafters. The following table gives 
dimensions for purlins to be used with king post or other suit¬ 
able truss roofs where the roofing—corrugated iron or asbestos 
cement—is fixed direct to the purlins. 
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SIZE OF PURLINS FOR CORRUGATED IRON AND CORRUGATED 
ASBESTOS CEMENT ROOFS 


Spacing 
(inches) 

Span 

(feet) 

Supported at ends only 

Continuous over three or 
more supports 

Hardwoods 
(inches) 

Pines and 
softwoods 
(inches) 

Hardwoods 

(inches) 

Pines and 
softwoods 
(inches) 

30 

10 

5X2 

5X2 

4X2 

4X2 

30 

12 

6 X2 

6 X2 

4X2 

5X2 

30 

14 

6X3 

7X3 

5X2 

6 X2 

30 

15 

7X3 

7X3 

6 X2 

7X2 

30 

16 

7X3 

8X3 



30 

18 

9X3 

9X3 



30 

20 

10 X 3 

10 X 3 



36 

10 

5X2 

5X2 

4X2 

5X2 

36 

12 

6 X2 

6 X2 

5X2 

6 X2 

36 

14 

7X3 

7X3 

6 X2 

6X3 

36 

15 

7X3 

7X3 

6 X2 

6X3 

36 

16 

8X3 

8X3 



36 

18 

9X3 

9X3 



36 

20 

10 X 3 

10 X 3 



42 

10 

5X2 

6 X2 

4X2 

5X2 

42 

12 

6 X2 

6X3 

5X2 

6 X2 

42 

14 

7X3 

7X3 

6 X2 

6X3 

42 

15 

7X3 

8X3 

6 X2 

6X3 

42 

16 

8X3 

8X3 



42 

18 

9X3 

9X3 



42 

20 

10 X 3 

10 X 3 




Trusses with Timber Connectors. The use of timber connectors 
has been applied to all types of timber trusses and has made 
possible the construction in timber of certain types of large- 
span trusses previously considered practical only for steel. It has 
also led to the design of special large-span trusses for timber 
construction. Large-span trusses suitable for timber construction, 
with timber connectors, are shown in Fig. 75. 

Some typical timber connector joints are shown in Fig. 43. It 
will be seen from these that double members are usual practice 
when split ring or toothed connectors are used, the use of 
lighter members thus made possible being one of the advantages 
in using the connectors. Solid or built-up plywood packing pieces 
are used between members when these are necessary. Steel gusset 
plates may be used with shear plate connectors, but general 
practice is to use plywood gusset plates. These are 2 inches 
thick, 15 ply, made with water-resistant casein glue for indoor 
positions, and with water-proof synthetic resin glue for exposed 
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Fig. 43. Timber Connectors in Truss, 
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positions. Galvanized connectors and bolts are supplied for 
exposed positions, to eliminate corrosion. 

The number of rows of connectors in a joint are kept to a 
minimum, only one being used wherever practicable. In splices 
especially a long lap with one row of connectors is preferable to 
a short lap with a double row of connectors. In large trusses and 
other structures where more than one row of connectors is 
essential, it is good practice to make a saw-cut, terminating in 
a drilled hole, between the rows of connectors in order to 
localize the inevitable splitting due to shrinkage (Fig. 43). 

The minimum thickness of members when connectors are 
placed opposite in two faces is 2 inches. The minimum width 
capable of taking two rows of 2^-inch connectors or 2f-inch shear 
plates is 7 inches. 

Composite Trusses. Trusses which combine members of timber 
and of metal—mostly in the form of wrought iron bolts—are 
much used. The King Bolt or King Rod truss is the best known 
of these. It is similar to the king post truss with the single 
exception that the central post is replaced by a bolt or rod 
(Fig. 42). This is sometimes secured through a boiler plate head 
which fits over the principal rafters, but is more often passed 
through a flat wrought iron plate. As the ridge cannot sit in a 
groove in the top of the post as in the original truss, ridge pur¬ 
lins are carried near the apex of the principal rafters. When 
common rafters are used they are secured at the head to the 
ridge purlins and are fitted to the ridge in the ordinary way. 
In the many more complicated trusses used for larger spans, as 
the Fink truss and Fan truss (Fig. 74), rods are frequently used 
in place of timber for the members which are in tension, al¬ 
though more frequently still, except when connectors are used, 
these trusses are fabricated entirely in metal. The purlin truss 
(Fig. 44) is usually constructed with rods for the vertical tension 
members. 

Saw-tooth Truss. This is a simply constructed type of roof fre¬ 
quently used in factory and store construction, as it permits 
overhead lighting (Fig. 44). The building is usually laid out so 
that the glazed portion of the trusses faces south, in order that 
there will be the minimum variation of light intensity through¬ 
out the daylight hours. The truss is after the style of a half king 
post truss, with tie beam and post, and principal rafter secured 
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to the post at its head by means of a strap, and to the tie beam 
by means of a heel strap, and supported by a strut from the tie 
beam at the base of the post. A bolt is generally used for a 
tension member from the principal rafter at the point of support 
from the strut to the tie beam. As the roof covering almost always 
used with saw-tooth trusses is galvanized iron or asbestos cement, 
common rafters are dispensed with and purlins spaced to receive 
the covering. The space between trusses from post to post is 



Fig. 44. Sawtooth and Purlin Trusses. 
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filled in with glazed sashes, usually with one opening or ven¬ 
tilating sash in each bay and the remainder fixed. As there are 
usually a series of saw-tooth trusses extending across a roof area, 
the roof surfaces discharge into box gutters which separate the 
trusses. 

As an alternative method, an additional member extends from 
the tie-beam to the top of the post at right angles to the prin¬ 
cipal rafter on the saw-tooth truss (Fig. 44). The sashes are 
placed at the same angle. 

Ventilating ridges are frequently incorporated in saw-tooth 
roofs. Manufacturers of sheet roofing material make a variety 
of standard ventilating ridges and roof ventilators for almost 
every kind of roof. 

Gutters. Gutters, as distinct from eaves gutters, are formed in 
the roof by the carpenter and finished off by the plumber. These 
consist principally of parapet gutters , where the slope of a roof 
finishes behind a parapet, gutters between trusses as in a saw¬ 
toothed roof, and against chimneys and other roof abutments. 
Parapet gutters may be of the box gutter type (Figs 42 and 44), 
in which the pole plate at the foot of the truss is used to build 
up the second side, or this side may slope away at the same angle 
as the roof. In forming the box gutter, fillets are secured to the 
tie beam against the pole plate on one side and the parapet on 
the other, in the case of a parapet box gutter, or against the 
two tie beams when the gutter is between trusses. These fillets 
are either packed up or splayed to give a fall to the outlet. 
Gutter bearers are secured to the fillets, and on these a gutter 
floor of boarding is laid. This is the base on which the plumber 
works. 

Box gutters are laid with falls to the outlet positions, 
when sumps or sunk boxes are formed ready for the plumber 
to line. The water is discharged from these into rain water 
heads. 

When parapet gutters are not boxed, and in the case of 
gutters behind roof abutments, the gutter boards are secured 
to the rafters and to small studs or blocks secured to the feet 
of the rafters against the abutment. The floor of the gutter is 
laid on these and boarding is also secured over the rafters to 
form the sloping side to the gutter. 

When gutters are to be lined with lead, the carpenter must 
form drips at intervals of about 7 feet. These are steps of 
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about 2 inches, at which the lead is joined, and are necessary 
on account of the expansion of the metal. Galvanized iron 
has not the same amount of expansion, and may be riveted 
and soldered into lengths up to 40 feet without any special 
provision for expansion being necessary. 

Eaves. There are several ways of treating the overhanging eaves 
which are usually a feature of Australian ipsidential design, • 
mainly because they provide a small amount of shade to the 



walls and are useful in keeping off tropical rains. The type of 
eaves finish is determined by the cost factor and the architec¬ 
tural style of the building, it usually being a style characteristic. 
In the cheapest form the gutter is secured direct, by means of 
straps, to the ends of the rafters, but in most cases a fascia board 
is used (Fig. 45). 

Top-lined Eaves. In this case, the rafters are lined on top with 
wood linings (usually tongued and grooved and V-jointed) or 
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with asbestos cement, before the roof covering is fixed. There 
is a fascia on the ends of the rafters, and a covering piece between 
the rafters against the wall to cover up the gap. Sometimes small 
mesh wire netting is used here, especially in hot climates when 
the maximum of under-roof ventilation is considered desirable. 

^Soffit-lined Eaves. Here the lining is secured to the soffit of the 
rafters and finish&l against the wall with a quadrant or similar 
moulding. Ventilation panels may be trimmed into the lining 
if required, or battens may be used, spaced from ^ inch to 
1 inch apart, nailed over bird-proof wire netting. In most cases 
any provision of this sort is not considered necessary. 

Corbelled Eaves. Associated mainly with English cottage archi¬ 
tecture, in this type the brickwork of the wall is corbelled out 
so that the feet of the rafters sit on it. A fascia is all that is then 
necessary to finish the eaves. 

Boxed Eaves. Boxed eaves may be formed in two ways. In 
the first, the rafters are bird's-mouthed to the wall plate in the 
usual way, and eaves or jack rafters are secured to their feet, 
and to the wajl. The lining is fixed to the jack rafters, so that 
instead of being., on the same slope as the roof, it is at right 
angles to the wall, making a square or boxed finish. There is a 
fascia secured to the feet of the rafters. 

In the second method, the ceiling joists project over the wall 
and beyond it to the extent of the eaves projection. Instead of 
being secured to the wall plate, the rafters are brought down 
on to the end of the ceiling joists, notched over a pole plate. 
The lining is secured to the underside of the projecting ceiling 
joists and the effect is the same as in the first method, except 
that the eaves are at a higher level. 

Concealed Gutter. This is an advance on the boxed eaves, de¬ 
veloped to be in keeping with modern designs. The gutter is 
placed inside the fascia instead of outside it, and the fascia may 
be vertical or at right angles to the slope of the rafters. Both the 
gutter and the goose neck to the downpipe are concealed within 
the boxing. 

Roof Anchorage. In exposed positions it is necessary to tie the 
roof down to the walls, in order to make the building more 
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monolithic in nature. Strips of stout galvanized hoop-iron are 
built into both skins of the outer walls some five or six courses 
down from the top. These are carried up, bent over rafters and 
ceiling joists and nailed to them. Ties are spaced every third, 
fourth or fifth rafter, according to the hazard. Collar ties are 
always required to stiffen the roof when anchorage is needed. 
Similar anchorage is frequently used in the case of steep roofs, 
especially when corbelled eaves are used. Balcony and veranda 
roofs frequently require similar tying down. 



CHAPTER 8 

JOINERY 

For convenience the structural woodwork in building is defined 
as carpentry and the finishing and decorative woodwork as 
joinery, although in many cases it is difficult to make a hard 
and fast line between the two, and both are included in the 
one trade. Joinery usually demands a greater degree of finish 
than does carpentry, and a greater degree of exactitude in its 
execution, especially in the making of joints. Most of the joints 
illustrated in the chapter on carpentry are used in joinery, but 
additional joints, more suitable for smaller timbers and more 
finished work, are also used. 


Types of Joints 

Dovetail. This joint is used for securing sides and fronts of 
drawers and in similar positions where strength to resist 
torsional strain is required (Fig. 46). Pins in one piece of timber 
fit into sockets in the other piece, the pins being keyed in by 
being fanned out after the manner of a bird’s tail. 

In the common dovetail, end grain shows on both angles of 
the joint. In order to obviate this, a lap dovetail is generally 
used for drawers (Fig. 46). This is in the nature of a stop dove¬ 
tail, end grain showing on the side only. In the secret dovetail, 
sometimes called a mitred dovetail, which is a combination of a 
mitre and a dovetail, no end grain shows at all. This is only 
used in the best quality work, as it is costly to execute. 

Another form of dovetailing consists of only one pin and one 
socket (Fig. 46). It is used occasionally in joinery and in car¬ 
pentry for securing pole plates. The dovetailed housing is 
stronger than an ordinary housing on account of the key that 
the tail shape gives. The same can be said of the dovetailed 
halving (Fig. 46). 
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Fig. 46. Joinery Joints. 
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Mortise and Tenon. This is used for certain framing-up and in 
door construction and is a very strong joint. It is made fast by 
driving thin wedges in on each side of the tenon from the back 
of the stile. The dovetailed tenon is designed to give additional 
strength. The mortise is cut with a slight splay on the top and 
the tenon put in at a slight angle until it drops over the 
shoulder of the dovetail. A wedge driven in from the front forces 
the tenon down and takes up the additional room in the mortise 
(Fig. 46). 

Rebated Joints. The rebate, which consists of taking away half 
the thickness of a piece of timber along one side, by approxi¬ 
mately the same width, is much used in joinery. A side join is 
achieved by rebating two pieces of timber, one on the top the 
other on the bottom, so that the rebates overlap. A bead or a 
V is frequently used in conjunction with the rebate. A variation, 
the splayed rebate (Fig. 47), is not met with so often. 

Housing. The housing of carpentry is also much used by the 
joiner, and variations are the shouldered housing and the 
stopped housing (Fig. 47). In the former the inserted timber is 
shouldered for the full length of the housing and in the latter 
it is shouldered at the end, so that the housing does not come 
right to the edge of the timber. This joint is used in shelving 
in the best work, so that the stiles will present the best possible 
appearance. 

Slip Tongue. This is a development of the tongued-and-grooved 
joint, both timbers to be joined being grooved and the tongue 
slipped in. This joint is much used in connection with core¬ 
board, but is equally useful with solid timber (Fig. 47). 

Mitre. This is made by splaying off both timbers to be joined 
at right angles at an angle of 45 degrees and butting the two 
pieces together, securing with glue and blocking. A slip tongue 
may be used in conjunction with a mitre, and other variations 
include mitre and butt, mitre and rebate and tongue, groove and 
mitre (Fig. 47). 

Chamfer. When the corners of timber used in joinery work are 
likely to be knocked and bruised, the arris is taken off. This is 
either rounded or chamfered (Fig. 48). Both may be used in 
conjunction with a stop if it is not necessary or desirable to 
treat the timber in this manner for its full length. 




Fig. 47. Joinery Joints. 
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Mouldings. There are many mouldings suitable for use in 
joinery work, some of the most common being shown in Fig. 
48. Most timber merchants and joinery shops carry these as 
stock lines in various sizes. 



Fixings. The term “fixings” loosely means the more ordinary 
portion of the joiner’s work in residential or house building, 
and consists of skirtings, architraves and picture rails (Fig. 48), 
all of which may be stock or may be specially run. These are 
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secured to plugs of soft wood, cedar for preference, driven in 
between joints in the brickwork before the plasterer commences, 
and sawn off level with the face of the plaster. Similar wood 
plugs are extensively used for securing all kinds of joinery work, 
built-in fittings and cupboards. 

Finish. Good quality joinery work is prepared for the polisher 
or the painter by using a fine smoothing plane, then a scraper 
and finally glass paper. The quality of the joiner’s finish has a 
considerable effect on the final result achieved by the polisher 
or the painter. 

Door Frames. Frames for outer doors are built into the wall 
as the brickwork proceeds, being secured at intervals to hoop- 
iron or similar straps. These are built into the brick courses 
and nailed to the frame, which is also secured to the threshold 
with dowels. Sometimes a batten the exact width of the wall 
cavity is nailed to the back of the frame with the object of hold¬ 
ing the latter rigid. 

The frame may be rebated to take the door, or finished with 
a stop which serves the dual purpose of covering the joint 
between frame and brickwork, and forming a stop for the door. 
When the frame is rebated a storm moulding is used to cover 
the external joint (Fig. 49). 

The stiles of door frames are tenoned into the heads. When 
fanlights are used, the intermediate cross member, called transom 
(Fig. 50), is tenoned into the stiles. 

Jamb Linings. Doors in the interior of a brick building, and 
those in a timber frame building, are hung to jamb linings, 
which are also used to give a finish to the jambs and heads of 
the openings. Linings are secured to plugs already fixed in the 
walls, or to the studs, and are of several types (Fig. 49). Softwoods 
are used as a rule, but figured woods are sometimes preferred, 
especially when used for the remainder of the internal wood¬ 
work. The thickness of jamb linings is usually 1^ inches. 

The oldest method is to make the width of the lining exactly 
the same as the thickness of the wall, including plaster or finish, 
and to use an architrave to provide a finish to the opening and 
a cover for the joint between lining and plaster. When the 
wall is thick—13^ inches or more—the jamb lining may be 
panelled. 

A more modern way is to permit the lining to project beyond 




Fig. 50. Doors. 
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the face of the wall finish and fix a quadrant, mould or achi- 
trave in the angle so formed. This method has the advantage of 
permitting the door to open right back against the wall. Solid 
rebated frames are used sometimes for interior doors. These are 
set in the centre of the thickness of the wall and are finished 
with a quadrant or small moulding to cover the joint with the 
plaster. The plaster is usually rounded into the opening. When 
this method is used it is important to see that the plaster does 
not come right up to the frame, so that any movement of the 
frame caused by the slamming of the door will not crack the 
plaster. Solid frames give a neat finish, but they do not permit 
of the door opening much more than 90 degrees. 

Jamb linings are rebated to form a stop for the door, and 
when the wall is more than inches thick they are sometimes 
rebated on both sides for decorative reasons. In very cheap work 
a lighter jamb lining is sometimes used, with a stop planted on. 
This method is to be avoided. 

Doors 

The following will serve as a general classification of the types 
of doors most generally in use: ledged, ledged and braced, framed 
and braced, framed and panelled, glazed, flush. 

Ledged Door. The simplest and most primitive type of door, this 
is used for outhouses and sheds where economy is the first con¬ 
sideration. It is made up of vertical linings, tongued and grooved 
together, and secured by nails to three horizontal ledges (Fig. 
50). This type of door invariably drops and becomes out of 
square. 

Ledged and Braced Door. Developed from the ledged door, this 
type is stiffened and prevented from dropping by diagonal 
braces cut into the ledges. The door is hung on the side to 
which the braces thrust down (Fig. 50). 

Framed and Braced Door. In this the sheeting of tongued 
and grooved linings is applied to a frame made up of stiles, 
rails and braces. The stiles and top rail are the full thick¬ 
ness of the door. The lock rail, bottom rail and the braces 
are reduced by the thickness of the linings—usually f inch. This 
ensures a flush face on the outside. The top rail and the stiles 
are rebated to provide a fixing for the ends and sides of the 
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linings. The top rail is haunch-tenoned into the stile in the 
ordinary way (Fig. 50), the lock and bottom rails are cut with 
barefaced tenons. Linings may be fixed either vertically or 
horizontally. 

The framed and braced door is used for exterior openings 
only, except in some instances of period work, such as Gothic, 
when it is also used in interior positions. When, however, the 
interior doors are flush, the lock rail and braces of a framed 
and braced door may be set back on the inside faces as well, 
the top rail, bottom rail and stiles rebated, and plywood used 
to make a flush face on the inside. 

Framed and Panelled Door. Further described by the number 
of panels—there may be from one to six or more—this was the 
most universally used door before the introduction of the modern 
flush door. Made up of rails, stiles and muntins (Fig. 50), framed 
together with mortise and tenons, and with panels between the 
framing, this is a strong and durable type of door. The top rail 
is secured to the stiles with a haunched tenon, the bottom rail 
with a double tenon and haunch, and the lock rail with a 
double tenon, arranged so that a mortise lock may be fitted 
without weakening the tenons. Muntins are stub-tenoned into 
the rails. Framing members are grooved to receive the panels. 
When an additional rail is put in between the top and lock 
rails it is called a frieze rail. 

Panelled Door. A plain panelled door is one in which plain, or 
flat, panels are used without any mouldings. When mouldings 
which do not come up as far as the face of stiles and rails are 
used with plain panels, the term sunk-moulded is used. Mould¬ 
ings are mitred at angles. When the moulding, instead of being 
separate, is run on the framing members of the door, it is called 
solid-moulded (Fig. 50). Sometimes a stop-chamfer is used instead 
of a moulding. 

A bead-butt panel is valuable when panelled doors are used 
as exterior doors, the additional thickness in the panels enabling 
them to withstand the weather. The panel is below the face of 
the door on the inside, but is flush on the outside. The panel 
is tongued to fit into the grooves in the frame, and the sides are 
finished with a bead moulding. The top and bottom of the panel 
finish flush against the rails. Bead-butt panels are occasionally 
double faced. When the bead is carried right around the panel 
it is called a bead-flush panel. 

jj 
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Bolection mouldings project beyond the face of rails and 
stiles, over which they are rebated. They are used for entrance 
doors, usually in connection with monumental or public build¬ 
ings, and more rarely for other doors (Fig. 50). 

Plain panels are rarely used in conjunction with bolection 
moulds, some decorative treatment usually being accorded the 
panels as well. Raised panels are those of thicker material than 
plain panels, and are finished with a sunk margin, bevelled 
down to the thickness of the tongue. The raised portion of the 
panel is sharply defined, sometimes with a plain rebate, when 
it is called raised and bevelled, and sometimes with a moulding, 
when it is called bevelled, raised and moulded (Fig. 50). Bolec¬ 
tion mouldings and raised panels are generally used on the out¬ 
side of the door only, the inside face being sunk moulded. 

Glazed Door. This term, and also the term sash door, applies as 
a rule to doors which consist of stiles, top and bottom rails 
and either one large panel of glass, one or two small wood panels 
at the bottom and the rest one large glass panel, or, as an 
alternative to the first, the glazed area divided into panels by 
means of glazing bars. A great variety of designs is possible. 
Framing is usually solid moulded and rebated and for the sake 
of appearance the glazing bars are made as slender as possible. 
When the door is exposed to the weather the glass panels are 
held in the rebates by sprigs and putty, but when used as interior 
doors, or in sheltered positions, wood beads or mouldings are 
used (Fig. 50). 

Glazed doors used in pairs, with rebated meeting stiles, are 
known as casement doors. They may also be used singly or in 
pairs, with fixed or margin lights on one or both sides. The 
frame encloses the entire opening, and rebated mullions are 
used as stiles, the fixed lights being secured in the rebates with 
wood mouldings. 

Flush Doors. Flush doors, or flush panelled doors, are of two 
types—solid core and hollow core. The former is made with a 
centre, or “core ,, , of narrow pieces of one kind of timber—to 
prevent uneven stresses—secured together, and covered on each 
face with a sheet of cross-banded plywood and a final outer ply. 
Glazed panels of almost any size may be cut in almost any position 
in the door. 

Hollow core doors are framed with stiles and rails, mortised 



Joinery 149 

and tenoned or dowelled together, and then faced on both sides 
with 2-ply. A number of intermediate rails are used, but there 
is a tendency for the plywood to become concave or drummy 
between rails. Some manufacturers partly overcome this defect 
by using diagonal reinforcement within the frame instead of 
intermediate rails. 

Another flush door in the nature of a compromise between 
these two types is made with a frame, as in a hollow core door, 
and a filling of a cane building board. This filling arrests the 
tendency to drumminess and serves as well as an insulation 
against sound. 

Stock Doors. The larger joinery firms produce such a wide range 
of designs in stock machine-made doors of good quality that 
very few doors are now made on the job. There are three stock 
sizes and two thicknesses for framed and panelled doors and 
glazed doors. Flush doors are made in two stock sizes and the 
thickness is a nominal 1£ inches. 


STOCK DOOR SIZES 


Type 

Height 
feet inches 

Width 
feet inches 

Nominal 

thickness 

inches 

Panelled or 

glazed 

6 

6 

2 

6 

4 

„ 

„ 

6 

8 

2 

8 

4 

„ 


6 

10 

2 

10 

4 


>» 

6 

6 

2 

6 

4 

„ 

,, 

6 

8 

2 

8 

4 

„ 

,, 

6 

10 

2 

10 

4 

Flush door 


6 

8 

2 

8 

4 

» 


6 

10 

2 

10 

4 


Fanlights 

Fanlights have almost completely disappeared from residential 
building, but in commercial work they are still widely used. 
Their function is to ensure cross ventilation when the door is 
closed and to assist in lighting corridors and passages. The fan¬ 
light is fitted between the head of the door frame and the transom 
(Fig. 50) and is made in the same manner as a window sash. It 
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may be hung at the top or the bottom, or pivoted. When it is 
hung, the frame and transom are rebated to form stops for the 
fanlight. 


Windows 

Windows may be divided into four main groups: vertical sliding 
sashes, horizontal sliding sashes, casements, and louvred win¬ 
dows. As light-admitting apertures, lantern lights and skylights 
could be included as a fifth class. In the first class are the box 
frame window and the balanced sash (Figs 49 and 51). 

Box Frame Windows. These may be single-, double- or triple- 
hung, the double being that most generally used. The frames 
provide a track in which the sashes may slide and a box in 
which the balance weights can operate. 

The pulley stile, 1^ or 1| inches thick, forms the side of the 
box, or casing, against which the sashes slide. It is grooved for 
its full height to take the parting bead, which divides the two 
sashes. A rebate is run on each side so that a tongue to fit into 
a groove in each of the linings is formed. The pulleys are set 
into the stile near the head. These may be brass-faced pulleys, 
or merely a grooved inset of a hardwood rich in natural oil. 
Pulley stiles are housed into the head, and housed and wedged 
into the sill. 

The linings are the inner and outer facings of the box, the 
latter being the thicker in order to withstand the weather. The 
outer lining projects beyond the face of the stile and forms the 
outer guide for the top sash. The inner lining finishes flush with 
the stile, and a bead is used to guide the lower sash. The back 
lining completes the box. This is of Tinch material and is 
usually made up of small pieces, fixed diagonally. It is rarely 
continuous. 

In order to prevent the weights from becoming entangled, a 
thin parting slip is placed between them within the box. The 
head is similar to the pulley stile and although there is no box 
here, the linings are continued across to match up. A storm 
mould covers the joint between the frame and the brickwork on 
the outside. Where the box does not take up the full depth of 
the reveal on the inside, a lining may be used to line the jamb, 
or the plaster may be returned into the frame. 

When two or more box frame windows are used in one open- 
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ing, mullions containing double boxes are built up between 
them (Fig. 49). 

The sill is of hardwood, not less than 3 inches thick. Its width 
is at least 1 inch more than the distance over the box, from 
lining to lining. The top of the sill, except for the flat on the 
inside to take the bead and half the thickness of the bottom 
sash, is weathered and rebated. The first rebate is in the centre 
of the bottom sash and the second in line with the outer face 
of the bottom sash. The object of rebates and weathering is to 
prevent rainwater flowing or being blown inwards. It is an 
advantage if the rebates are throated. A wide rebate is some¬ 
times cut on the underside of the sill to give it a secure seating, 
and the sill is plough-grooved on the underside near the 
outer face to provide a water drip and to assist in preventing the 
sun from warping it. 

Triple-hung sashes are used to provide access from a room 
to a veranda or balcony and are common in hospital work. The 
window opening as a rule extends the full height from the floor 
to the ceiling, so that when all the sashes are at the top of the 
frame an opening approximately the height of a door is made. 

Single-hung sashes usually drop down into a cavity in the 
wall. Provision is made for them first to lift sufficiently for a 
hinged section of the sill to be opened back to give access to the 
cavity so that the sash can drop down. When the sash is lowered 
this hinged portion is replaced in its original position. This type 
is the only sliding or balanced sash that permits the entire 
window area to be opened at the one time. 

Balanced Sash Window. This is a sliding sash window with 
springs taking the place of weights and pulleys. The springs are 
of the spiral type, packed in grease and enclosed in a metal 
casing. The frame consists merely of a stile, with parting bead 
tongued in, an outer lining and an inner bead. The spring is 
secured to the head of the stile and the bottom rail of the 
sashes. In the case of a mullion between windows, a double faced 
stile takes the place of the wide and clumsy box of the box 
frame window (Figs 49 and 51). 

The advantages of vertical sliding sash windows are that all 
movement takes place in their own width and does not inter¬ 
fere with drapings or fly screens, and the windows are perfectly 
wind- and weathertight. 

Shaped heads are sometimes used with sliding sash windows, 
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but these necessarily limit the extent to which the bottom sash 
can be opened. 

Horizontal Sliding Sash Windows. These sashes are used with 
a solid frame, the sashes being set close together without any 
parting bead. They move horizontally on brass tracks secured to 
the head and the sill, or on the sill only. As an alternative 
method the top and bottom rails of the sashes may be rebated 
to fit over wood runners. The sashes may be grouped in pairs, 
or in greater numbers. All may slide, or some may be fixed. 
When in pairs, one is sometimes fixed, and when four sashes 
are grouped together the outside sashes are sometimes fixed. This 
type of window is very difficult to make wind- and weathertight. 

Casement Windows. The frame for the casement is solid re¬ 
bated, after the manner of that used for exterior doors, and 
consists of stiles and head, and a hardwood sill. When a multiple 
sash window is used the mullions are double rebated (Figs 49 
and 51). Sashes are hinged to one stile and invariably open out 
so that they will be weathertight. Sometimes double sashes with¬ 
out a mullion are used, the meeting styles of the sashes being 
rebated. 

Several other types of windows with solid frames are in use. 
These include top and bottom hung sashes, singly or in groups, 
pivot hung or pivoting sashes, and fixed sashes. Fixed sashes are 
also used in conjunction with one or more sliding sash or case¬ 
ment windows. 

Louvred Window. This also is a solid frame window, the stiles 
being grooved to receive the glass or wood louvres. The louvres 
are set with the down slope to the outside to run ofE the weather. 
Grooves are stopped about 1 inch from the outer face of the stile, 
the louvres slipped in and a fillet nailed to the frame on the 
inside to secure them. A modern improvement has two louvres 
only, set at a very steep angle, with a wide lap. These are easier 
to clean than the older type, are much less draughty and admit 
just as much air (Fig. 51). 

Sashes. Two or more sashes are required for each vertical 
sliding sash window—the bottom sash, which slides on the inside, 
and the top sash, which is on the outside. The bottom rail of 
the bottom sash is wider than the others and is splayed and 
rebated to fit down on to the sill. It is haunch-tenoned into the 
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stiles, as is also the top rail of the top sash. For an improved 
appearance the meeting rails are of lesser width. These are 
tenoned into the stiles, which extend beyond the rails and are 
finished with shaped horns for the purpose of strengthening 
these joints. The meeting rails are thicker than the remainder 
of the sash—usually ljf inches or If inches—by the thickness of 
the parting slip. They are splayed, or rebated and splayed, so 
that they fit snugly together when the sashes are closed and make 
a wind tight junction (Fig. 51). Sashes are moulded on the 
inside and rebated on the outside to take the glass. They may 
be divided by glazing bars as described under “Glazed Doors”. 
The outer edges of the sashes are grooved to take the sash cord, 
which is secured to the sash and taken up over the pulley and 
secured at the other end to the balance weight within the box. 
Sashes are fitted with metal “lifts” screwed to the bottom rail 
on the inside, and fasteners at the meeting rails. 

Sashes for balanced sash windows are made in exactly the 
same way as those for box frame windows, except that the 
groove on the outside edge of the stiles is larger in order to 
accommodate the spring balance. 

Sashes for casement and other solid frame windows are much 
the same as those for vertical sliding sash windows, except that 
horns cannot be used. 

Window Board. A window board or nosing is used to provide a 
finish at sill level on the inside. This is either butted against 
the back of the sill or tongued into a groove in the sill. It 
extends beyond the opening to form a base for the architrave 
and the nosing is returned at both ends. A small bedmould is 
fixed under the window board against the plaster. The window 
board is usually quite narrow in the standard window (Fig. 51), 
but when the frame is set in the outside half of the wall, a 
wide serviceable ledge results. Sometimes the window board is 
rebated over the top portion of the sill, making it serve as the 
inside bead as well. This necessitates a wide apron piece under 
the window board instead of a small bedmould. 

Architraves 

Door and window openings may be finished on the inside with 
architraves (Fig. 49) which may be moulded or plain. There is 
a variety of stock designs for architraves, or special ones may 
be run. When they are wide enough, architraves are used by the 
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electrician to hold light switches. A mitred joint is used at the 
angles. When the door or window frame is flush with the finish 
of the wall, the architrave, secured to plugs in the wall, covers 
the joint between frame and wall. If there is a small reveal still 
showing a fillet is placed in it, and when a large reveal is left a 
lining piece is used. 

A highly elaborate finish, especially around door openings, 
was once the rule, decorative pilasters, columns and entablatures 
being used. This practice is sometimes followed in period and 
public buildings, but the modern tendency is to reduce the 
amount of wood trim around openings to a minimum. In many 
cases now the architrave is dispensed with altogether and the 
plaster returned into the frame, with a quadrant or small mould 
to finish it off. Alternative methods are shown in Fig. 49. 

Skirtings 

Like architraves, skirtings are available in many stock sizes and 
designs, and the elaborately moulded skirtings of the past have 
now given way to small, plain ones, and in many instances to 
plain quadrants. In good quality work it is usual to have a small 
skirting, with a small quadrant fixed to it after the carpet has 
been laid. Skirtings are fixed to plugs in the wall, never to the 
floor. 


Picture Rails 

These are pieces of wood, usually stock moulded, secured to 
plugs in the wall, and used both to carry picture hooks and to 
form a finish for wall treatments, such as paper. The usual 
height is the same as the door head, sometimes the fanlight. In 
much recent work the picture rail has either been omitted alto¬ 
gether, or placed an inch or two below the cornice of the ceiling, 
of which it then apj^ears to form a part. 

Stairs 

The construction of stairs is a specialized job, requiring a good 
deal of study and much practical experience. It is not usually 
attempted by the ordinary joiner, but is left to the “staircase 
hand”. The subject is too great to be more than lightly touched 
on here. 

Stairs assume a minor or major part in a building according, 
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as a rule, to its size. In a small building the stair is looked on 
only as a means of moving from one floor to another and is 
planned to occupy the least possible amount of space. In larger 
buildings it is the practice to make a special feature of the 
staircase and it becomes an important part of the general plan¬ 
ning. As the stairs are fitted into the plan, rather than the plan 
being arranged around them, many shapes and types are met 
with. Most of them fall within the following general classifica¬ 
tion: straight stair, dog-legged, open newel, geometrical, and 
spiral. 

Straight Stair. This is a stair which ascends a complete floor 
height without change of direction. It may be in one flight, or 
two or more flights divided by intermediate landings (Fig. 52). 

Dog-legged Stair. When a stair is composed of two or more 
flights, each of which makes an abrupt change to the reverse 
direction, it is termed “dog-legged”. The turns are invariably 
made about a newel (Fig. 52). 

Open Newel Stair. An open newel stair is one in which two or 
more flights are used for each storey in height, newels are used, 
and the strings are not directly above one another but enclose 
a well. The well may be rectangular or square and the flights 
may change to reverse directions or at right angles to one 
another, so that quite a variety of stair plans come under this 
classification (Fig. 52). 

Geometrical Stairs. Like open newel stairs, this classification em¬ 
braces a number of plans. It means generally any stair with 
continuous handrails and strings, without newels. Usually a well 
is enclosed. A geometrical stair ascending within a circular 
hall or space and enclosing a circular well is known as a cir¬ 
cular geometrical stair (Fig. 53). 

Spiral Stair. A spiral or circular stair is composed entirely of 
winders, radiating from a central newel which extends the full 
height of the flight; hence the term “solid” or “centre” newel 
stair sometimes used. This type of stair occupies very little space, 
but is rarely constructed of timber, iron or stone being more 
generally used (Fig. 53). 

Landings. The landing is the platform or area at the head of the 
stairs, at the floor level. “Mid-landing” is a general term ap- 






UP 






W 







rr: 

77 

~7n 

/ 

r7 

/ /. 

yyh 


77 

y? 

V 

y 

77" 


7y 


V7/y//'7 




yy 


yyyyy. 


STRAIGHT FLIGHTS 



DOG-LEGGED 


OPEN-NEWEL 



/ /.// 
/ 


UP 


<■4 / sy , 


V 


ALTERNATE PLANS - OPEN-NEWEL 
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plied to spaces or pauses between flights, between floor levels. 
Half-landing is the rectangular space, two flights or two flights 
and the well in width, which occurs when a complete change 
in direction is made (Fig. 54). Quarter-landing is usually square 
and occurs when a right-angle turn is made. 

Strings. The principal supports of a stair are the strings and 
the carriage piece (Figs 54 and 55). Strings are continuous tim¬ 
bers fixed at the same angle as the pitch of the stairs and into 
which the treads and risers are housed. The string nearest the 
wall is the wall string, the other the outer string. This latter 
may be a closed string, or may be cut on the top edge so 
that the treads project beyond it, when it is known as an open 
string (Fig. 55). The carriage piece is a hidden centre string or 
sloping beam which gives support where the greatest weight 
usually falls. The back corner of each tread (slightly bevelled) 
rests directly on the carriage piece, and rough square blocks 
nailed to the carriage piece support the front portion of the 
tread, and sometimes the centre. 

The outer string in newel stairs is housed into the newels, but 
where changes of direction occur in geometrical stairs the string 
must be wreathed. In circular geometrical stairs and spiral stairs 
the string is curved for its full height. A wreath calls for exact¬ 
ing workmanship, as the string is not only curved but is rising 
at the same time. The wreath is constructed of a number of 
narrow staves, splayed to make the correct curve, with canvas 
glued to the back and veneer on the front. 

Steps. Steps are composed of treads and risers (Figs 54 and 55). 
The tread is 1£ inches or more thick, and is finished with a 
shaped nose. The riser is the thinner vertical piece between steps. 
Various methods of joining treads and risers are shown in Fig. 55. 
Blocks from the carriage piece provide further fixing for treads 
and risers and, in addition, glued blocks are secured in the 
angle between riser and tread, at intermediate spacing between 
carriage piece and strings (Fig. 55). Ordinary rectangular steps 
are known as “flyers”. Shaped or splayed steps, which sometimes 
take the place of half- or quarter-landings when limited space 
makes this necessary, are winders. These also occur in geo¬ 
metrical stairs, while all the treads in a spiral stair are winders. 
At one-third of the width of the stairs from the outer string, 




Fig. 54. Open Newel Stair, 
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the tread of a winder should measure at least the same width 
as a flyer. 

The method of securing risers and treads to wall and closed 
strings is shown in the detail looking up (Fig. 55). The strings 
are prepared by housing for treads and risers, and further cut¬ 
ting away to permit wedges to be driven in. All joints are glued 
and wedges nailed so that there will be no movement. In the 
case of an open or cut string, the treads project beyond the line 
of the string and the nosing is returned around the end. The 
bedmould is also returned and a cut bracket is usually secured 
to the outer face of the string as ornament. 

Spandrel. The triangular space between the outer string and 
the floor is called the spandrel. This is frequently filled in with 
panelling in order to form a cupboard under the stairs. When 
the spandrel is not filled in, the soffit of the stairs is lined. There 
are several suitable materials for this, one to match nearby 
ceiling or wall treatments usually being selected. 

Newels. Newels are the posts which form the junction of the 
various flights of the stairs, and flights with landings and mid¬ 
landings. Strings are housed and tenoned into the newels and 
handrails housed in. The portion of the newel which projects 
above the handrail is generally decoratively treated. A modern 
development is to form a capping to the newel at the same level 
as the handrail, maintaining the mould lines of the handrail 
(Fig. 54). This may be called a compromise between a newel 
stair and a geometrical stair. 

Handrail. This is the moulded rail running parallel with the 
strings, fixed between newels in a newel stair, or running continu¬ 
ously from bottom to top of the stairs in a geometrical stair, placed 
at a height that is convenient for lending assistance for the 
ascent or descent of the stairs (Fig. 54). It may be stock moulded 
(Fig. 53), or specially run. The handrail is wreathed when it is 
continuous, and this is perhaps the most exacting work of the 
stair hand. 

Balusters. These are square, round or shaped posts which fill 
the space between string and handrail, their design and spacing 
depending to a great degree on the architectural style of the 
building (Fig. 55). In modern work, balusters are often replaced 
by balustrades of wrought iron, or “solid balustrades” of ply¬ 
wood or coreboard. Panelled balustrades are also sometimes used. 
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Cupboards 

In modern residential design, built-in cupboards are taking the 
place of much of the furniture of previous eras. The joiner is 
called upon to fit up linen and bedroom cupboards, china 
cupboards, bookcases in living rooms and studies, and a whole 
range of special-purpose cupboards in the kitchen. In special 
cases, these may be made up by a furniture manufacturer and 
sent along to the job ready to fit into place, and it is certain that 
a good deal of this work will be mass-produced in the future. 

Cupboards built into recesses almost always consist prim¬ 
arily of shelving supported on ladder brackets, the latter being 
made up of two stiles of 2" X 1" or similar material, with 
intermediate rails of the same section. Brackets are plugged to 
the wall and the shelves inserted. There is usually one shelf 
2 inches or 3 inches from the floor, to prevent dust from the 
floor level penetrating into the cupboard. A skirting set back 
a little under the shelf closes off the space underneath. Doors 
are hung to a rebated lining or frame, and the cupboard may 
be the same height as the other doors or may extend to the 
ceiling. When the latter is the case, the upper part is fitted with 
a small pair of doors. 

Bedroom Cupboards. These require a little more skill than 
linen and ordinary storage cupboards. There is usually one 
section for hanging space, with a brass rail at a convenient 
height and probably rails at the bottom for shoes. The other 
section may be fitted up with trays or drawers, and shelves. 
Drawers are made with the sides and front dovetailed together, 
and the back housed into the sides (Fig. 56). 

Kitchen Cupboards. These are built up to the height of the 
sink, with another section for crockery storage at a higher level. 
The lower cupboards are carried on framing halved, housed 
and/or tenoned together, with rails to carry shelves and to 
support the table top. Drawers and cutting boards are frequently 
incorporated, although most of this storage space is enclosed 
with flush doors of 5-ply or coreboard. Doors are generally made 
flyproof by rebating them all round. Cutting boards are as a 
rule solid and are prevented from warping by tongueing on a 
strip of timber at front and back, the grain running crosswise 
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to the remainder of the board. The table-top may be one of any 
of several materials, a popular finish being rubber or linoleum, 
glued down on to the boarding and finished with stainless metal 
moulds at the edge, against the walls and around the sink. The 
upper cupboards usually consist simply of shelving with doors. 
They are secured to plugs in the walls, on brackets, or may be 



Fig. 56. Cupboard Details. 























































Fig. 57. Kitchen Cupboards. 
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partly hung from the ceiling. In some cases these upper cup¬ 
boards extend right to the ceiling, when they are usually 
treated as two separate sections. 

In other cases they do not extend beyond door head height, 
when they are either finished with a fiat top, or the space above 
enclosed by fibrous plaster or similar material so that it does 
not become a dust-catching space (Fig. 57). 






CHAPTER 9 

PLASTICS 

The term plastics as now understood refers to a group of organic 
materials, most of which are synthetic and which are shaped or 
formed by the application of heat and pressure. They are rigid 
and permanent when supplied for use, but were plastic during 
some stage of their manufacture. The true application of the 
word would include the clay from which bricks are moulded, 
glass, Portland cement and several other materials, but the 
limited application is now generally understood. 

There are four main groups of plastics, the divisions being 
made in accordance with their sources. These are (i) natural 
resins, which include shellac, resin, bitumen, (ii) protein sub¬ 
stances, soya beans and casein, (iii) cellulose derivates, and (iv) 
synthetic resins, including the phenolics, polystyrene, the mela¬ 
mines and the vinyl acetals. 

Modern plastics almost all come under the last two headings 
and are further divided according to their reactions to heat. 
There is, first, the tliermo-plastic group. These harden when 
cooled following their manufacture, but will soften again when 
subjected to further heat, the temperature required varying from 
140 degrees to more than 300 degrees Fahrenheit. The second 
group, thermosetting plastics, do not re-soften or melt on a fur¬ 
ther application of heat. 

Both types of moulding plastics are supplied as powders, flakes 
or liquids, from which they are moulded or cast into various 
products, extruded into various forms or shapes, or used to 
bond, coat, or impregnate other materials. 

Methods of Production 

Compression Moulding. This method is used to produce many 
complex shapes and consists of placing a measured quantity 
of one of the thermo-setting plastics in a pre-heated, polished 
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steel mould. The heat is transferred to the compound as the 
mould closes and a combination of pressure and heat produces 
the desired shape in a permanently hardened plastic. Thermo¬ 
plastics may also be compression moulded, in which case the 
moulds are chilled to harden the material. Translucent light 
reflectors in a variety of shapes and sizes are the principal pro¬ 
duct from this process as applied to building. 

Injection Moulding. In this process, thermo-plastic material is 
heated and then projected into a cold mould. It solidifies in 
the shape of the mould and is ejected as further powder is 
automatically fed into the heating chamber. This process is fast, 
requiring from thirty seconds to a few minutes and as a con¬ 
sequence, is one of the few plastics processes in which the pro¬ 
ducts can compete in price with those of other materials. It is, 
however, limited to small objects. Moulded door knobs and 
other units for building hardware and electrical fittings are its 
main uses for building. 

Extruding. There are several methods of extruding from thermo¬ 
plastic materials, the principle being similar to that for extruded 
metals. The heated material is extruded through a die, hard¬ 
ened, and cut into lengths or wound into coils. It is possible 
that thermo-setting plastics may also be satisfactorily extruded. 
Extruded sections may be used for panelling cover-strips and 
trim, and as there is unlimited colour range, some excellent 
results are possible. Extruded plastic tubing may be used for 
hot and cold water plumbing, gas, air and water pipes, and 
electrical conduits, although their cost, so far, is in excess of the 
materials now in use for these purposes. Plastic tubing that is 
flexible and can be bent to shape is obtainable. 

Casting. Casting in moulds is the simplest and most inexpensive 
plastics process, and both thermo-setting and thermo-plastic 
materials may be cast. Sheets, rods, bars, tubes and special shapes 
may be cast and can be machined and fabricated. They are hard, 
strong, and light in weight, and may be made translucent by 
the addition of a diffusing agent to the cast resin. Cast sheets 
may be formed into shapes over wooden or plaster blocks, or in 
dies under moderate pressure. There is a wide use for cast 
translucent plastics in lighting fixtures of the larger type, and 
for cast plastics of the phenol group in hardware and lighting 
fixtures. 
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Laminating. Laminated plastics are dependent on a base 
material, which may be wood, paper, or fabric. The base material 
is drawn through a resin varnish bath either in sheet form or 
in rolls. If it is paper or fabric it is rewound on to the original 
roll and then cut into sheets. The sheets are stacked and placed 
in an hydraulic press, where they are subjected to heat and to 
pressure of from 1000 to 2000 pounds per square inch. This 
bonds base material and plastic. The sheet may be moulded into 
simple curves and forms if treated before the resin has fully 
cured. An alternative method is that of placing thin sheets of 
resin film between the sheets of the base material before bond¬ 
ing, instead of impregnating the base material. Laminated plastic 
sheets may be used in building with plywood cores, and may 
be veneered with wood. They may also be used in conjunction 
with a thin metal film or an asbestos core. 

Possible Uses 

Laminated plastics appear to offer the greatest possibilities from 
the point of view of use in building. They may be used for 
wall panelling with many finishes and in many colours, and may 
even be decorated by an artist and then treated with a thin film 
of synthetic, resin to ensure the permanency of the art work. 
They may be fixed in the same way as plywood panels. 

Plastics will play an increasingly important part in building, 
but are unlikely to displace any of the traditional materials. 
They are not likely to be used as structural members, but purely 
as decorative and finishing materials, in conjunction with, rather 
than instead of, other materials. 



CHAPTER 10 

DESIGN OF BEAMS AND COLUMNS 

The science of structural mechanics is the determination of 
the actions and reactions on the structural members of a build¬ 
ing, after which the size, dimensions and properties of these 
members can be designed. Reduced to its simplest form, this 
may be termed the design of beams and columns. A beam may 
be used to span an opening in a wall or to support a certain 
area of floor or roof. When the beam spans an opening, its 
ends invariably rest on the wall itself; when it carries an area 
of floor or roof, one or both ends rest on a column, the pur¬ 
pose of which is to carry the weight resting on the beam through 
successive floors to the foundation. In the modern frame build¬ 
ing the entire structural members are beams and columns, the 
walls being non-structural filling between the members of the 
frame. 


Beams 

Beams, for the purpose of this chapter, may be either of timber 
or steel. Timber beams are rectangular in section. Steel beams 
are usually I-section rolled steel joists, but may be steel angles, 
steel channels, steel tees, or built up plate-web girders (Fig. 58). 

The terms that it is necessary to understand before attempting 
the design of beams are described hereunder. 

Moment. The moment of a force about a point is the product 
of the force and the perpendicular drawn from the point along 
the line of action of the force. Clockwise forces are taken to be 
positive and counter-clockwise to be negative. Frequent refer¬ 
ence is made to the algebraic sum of the moments, which is the 
addition of ferms with like signs and the subtraction of the 
smaller sum from the greater, the answers taking the sign of 
the greater. 
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Design of Beams and Columns 

Moment of Resistance. The moment of resistance comprises the 
forces in the material which are used to combat the external 
forces imposed upon it. The moment of resistance is generally 
referred to as MR, and is equal to fZ, f being the safe fibre 
stress of the material and Z the section modulus. Thus the 
moment of resistance of any section can be found simply by 
multiplying the safe fibre stress by the section modulus. 
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Fig. 58. Types of Steel Beams. 


Neutral Axis. As the natural tendency of a beam when it is 
subjected to loading is towards bending, it is obvious that the 
fibres in the top portion are in a crushing stress, or compression, 
and those in the lower portion are in tearing stress, or tension. 
That portion of the beam which lies between these two sections, 
and which is in neither compression nor tension, is called the 
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“neutral plane”, or in a section, the “neutral axis”. Timber and 
steel are equally strong in compression and tension, so that the 
neutral axis for these materials is at a point at half the depth 
of the beam (Fig. 62). The stresses increase in direct proportion 
to the distance of the fibre from the neutral axis. 

Bending Moment. The bending moment comprises the external 
forces that tend to break or bend a beam, and which are op¬ 
posed by the moment of resistance. It is usually referred to as 
BM. Obviously the bending moment must not exceed the 
moment of resistance, so the formula BM = MR is arrived at. 

The bending moment varies according to the different types 
of loading on a beam, but it can be said that the bending 
moment at any point along a beam is the algebraic sum of the 
moments to the left or to the right. There are formulae to cover 
the various standard types of loading. The bending moment also 
varies at different points along the beam, but can be represented 
by a diagram. 

Various standard types of loading are shown in Fig. 59. At 
A in this figure is shown a simply supported beam with a dis¬ 
tributed load. The bending moment diagram and formula are 
indicated. The bending moment diagram is obtained by graphic¬ 
ally plotting the intensity of the bending moment at all points 
of the beam, and is in this case in the form of a parabola. The 

formula is . This can be proved as follows: 

As the bending moment at any point is the algebraic sum of 
the moments either to left or right of the point, the moments 
about the point in the centre of the span will result, in this case, 
in the maximum bending moment. As the beam is simply sup¬ 
ported and carries a load of W, the reactions at the supports 

will be Taking the moments about the centre of the span, 

BM = ^ -?rX “ ( T X ~t) ' ^ l atter moment is taken as 

negative because the force acts counter-clockwise.) Thus 

BM — . A diagram can be set out by 

4 8 8 & 7 

WL 

drawing a parabolic curve with a height equal to -j- to a suit¬ 
able scale. 

T i • r i W — The Load. 

In this formula T „ 0 

L = The Span. 

If the load is in pounds and the span in inches, the resulting 




Fig. 59. Bending Moment and Shear Diagrams. 
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bending moment becomes “inch : lbs”. In the same way when 
the load is in tons and the span in feet the result is “foot : tons". 

In B, Fig. 59, is shown the bending moment formula and 
diagram for a simply supported beam with a concentrated load 
at the centre of the span, in which the bending moment at the 
centre of the span is just twice that of a distributed load. In 
C, Fig. 59> is shown the bending moment formula and diagram 
for a cantilever with a distributed load, while D, Fig. 59, shows 
a cantilever with a concentrated load at the unsupported end. 
Here again, the bending moment is just twice that for a dis¬ 
tributed load. In E, Fig. 59, the bending moment formula and 
diagram for a simply supported beam with a concentrated load 
placed off centre is shown. 

The diagrams are useful for obtaining the bending moment 
at any point along the span, which can be decided by scaling 
off the diagram. The diagram and bending moments in Fig. 59 
are for simple types of loadings, but the same principles apply 
no matter how complicated the loading. To make the bending 
moment diagram when the loading is involved—as, for ex¬ 
ample, a distributed load over the complete span, together with 
a number of concentrated loads—it is necessary to apply the rule 
that the bending moment at any point is the algebraic sum of 
the moments either to left or right of the point, and find the 
bending moment at a number of points along the span of the 
beam. 

At these points ordinates are set up to a suitable scale and 
the values of the bending moments marked off. The diagram 
results when these points are joined. 

The bending moment diagram may also be arrived at graphic¬ 
ally by the use of a polar diagram and a funicular polygon. As 
an example, the following is the procedure in determining the 
maximum bending moment and in setting up the bending 
moment diagram for a simply supported beam over a span of 
10 feet, loaded with two concentrated loads and a distributed 
load (Fig. 60). 

The distributed load is 2 tons per foot over the entire span; 
3 feet from the right hand support there is a concentrated load 
of 6 tons, and 3 feet from the left hand support there is a 
concentrated load of 4 tons. The right-hand reaction is termed 
Ri and the left-hand reaction R. 




Fig. 60. Bending Moment and Shear Diagram. 
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The first step is to find the reactions. This is done by taking 
the moment about the reaction Ri. 

R = (» X 6) + (5 XM) +(7X4) = tora 

Ri = (10 + 20) — 14-6 = 15*4 tons. 

When this is done the bending moments at various points may 
be determined thus: 

Bending moment at 2 ft from left-hand support — (2 X 14-6) — (1 X 4) 

= 25*2 foot-tons 

BM at 3 feet from left-hand support — (3 X 14*6) — (H X 6) 

== 34-8 foot-tons. 

BM at 5 feet from left-hand support 

= (5 X 14-6) - (2 X 4) - (2* X 10) 

— 40 foot-tons 

Maximum BM at 5*3 feet from left-hand support 

= (5-3 X 14-6) — (2-3 X 4) — (~ X 10-6) = 40-09 foot-tons 

BM at 7 feet from left-hand support 

= (7 X 14-6) — (4 X 4) — (3£ X 14) = 37-2 foot-tons 

BM at 8 feet from left-hand support 

= (8 X 14-6) — (1 x 6) — (5 X 4) — (4 X 16) = 26-8 foot-tons. 

These can be proved, as they are calculated by taking the 
algebraic sum of the moments to the left of the point in each 
case, by taking the algebraic sum of the moments to the right 
of the points. For example, taking the bending moment for the 
point 2 feet from the right-hand support: 

BM = (2 X 15-4) -(1X4) = 26-8 foot-tons. 

By setting up ordinates at the points calculated and marking 
off the various values, the bending moment diagram (Fig. 60) 
will result. 

Shearing Stress. This is a stress due to the action of two equal 
and opposite parallel external forces tending to make the mole¬ 
cules at two adjacent planes of a body slide one past the other. 
The shear can take effect vertically and horizontally. Vertical 
shear occurs at a maximum over the support and a minimum 
at the centre of the span. The horizontal shear per foot equals 
the vertical shear per foot at any point. The horizontal shear 
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can best be illustrated by imagining a beam made up of two 
or more fairly thin planks. When the beam is loaded the planks 
will sag and tend to slide past each other (Fig. 61). In the same 
way the fibres of a beam tend to shear and separate the beam 
into a number of thin planks. 

The shear at any point along the span of a beam is the 
algebraic sum of the weights to the left or right of that point. 
The vertical shear occurring at various points along the span of 
a beam can be represented by a diagram. For a simply sup- 



Fig. 61. Shear in Beam. 


ported beam the maximum shear, at the point of support, is 
W 

equal to - ir . Shear diagrams for simple types of loading are 

shown in Fig. 59. In A, the diagram is for a simply supported 
beam with a distributed load, in which case the diagram is in 
the form of two triangles. In B, the load is concentrated and the 
diagram is two rectangles. At C, is the shear diagram for a 
cantilever with a distributed load, and it is in the form of a 
triangle. When the load on the cantilever is concentrated at the 
unsupported end the shear diagram takes the shape of a 
rectangle, D. In E, where the beam is simply supported and the 
concentrated load off centre, the shear diagram is two rectangles. 
If the shear diagram is drawn to a suitable scale, the shear at 
any point along the span of the beam can be determined by 
scaling. 

In Fig. 60 is shown the shear diagram for a beam loaded with 
both distributed and concentrated loads. Usino: this same ex- 

o 
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ample for working out the shear at the various points—as was 
done for the bending moment—the procedure is as follows: 

Shear at 2 feet from left-hand support — 14-6 — 4 = 10*6 tons 

Shear at right of 4-ton load = 14-6 — 6 — 4 = 4-6 tons 

Shear at 5 feet from left-hand support = 14-G — 4 — 10 = 0-6 tons. 

Shear at 5*3 feet from left-hand support (point of maximum bending 
moment) = 14-6 — 4 — 10-6 = 0 tons 
Shear at right of 6-ton load = 14*6 — 4 — 6 — 14 = — 9*4 tons 

Shear at 8 feet from left-hand support = 14*6 — 4 — 6 — 16 = — 11*4 

tons 



Fig. 62. Section Modulus. 
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As with bending moments, these results can be proved by taking 
the algebraic sum of the weights to the right of the points 
instead of to the left. For example the shear at 8 feet from 
the left hand support would be 

Shear = — 15-4 +4 — — 11*4 tons. 


Section Modulus. The section modulus at any imaginary trans¬ 
verse section of a beam is a measure of the resisting moment of 
the beam at the section, and is referred to as Z (Fig. 62). It is 


found by the formula y In a rectangular section the section 


modulus is usually taken as —^. Symbols used are: 


b Breadth of the beam, 
d Depth of the beam, 

y Distance from the neutral axis to the top or bottom of the beam, which¬ 
ever is the greater, 

I Moment of Inertia. 


Moment of Inertia. If it is supposed that a transverse section of 
a beam is divided into elementary areas, then the moment of 
inertia is equal to the sum of the products obtained by multi¬ 
plying each elementary area by the square of its perpendicular 
distance to the central axis. In a rectangular beam the moment 

of inertia is equal to^*. To obtain the moment of inertia for 

a rectangular beam 8 inches wide and 12 inches deep (Fig. 63) 
about the Axis x-x, the procedure is as follows: 


bd3 

12 


8 X 12 X 12 X 12 

12 


1152. 


As a further example, the I-section (Fig. 63) is 5 inches wide 
and 8 inches deep, the various parts of the section being 1 inch 
thick. 


I about axis X — X 


bd3 — 2 bi(di)3 _ 5 x 83 — 2 v 2 X 63 
12 X 12 12 X 12 
141-3 


Deflection. This is usually referred to as D and the deflection 
in any beam is arrived at from the formula E =z the 

fill* I 

modulus of elasticity, while the value of n varies according to the 

N 
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type of loading. For a simply supported beam with a distributed 
load it equals 78, for a simply supported beam with a concen¬ 
trated load it is 48, for a cantilever with a distributed load it is 
8 and for a cantilever with a concentrated load on the unsup¬ 
ported end it is 3. For a simply supported beam with a concen- 

trated load off centre the value of n is--—- - 

(E in Fig. 59). 



Fig. 63. Section Modulus. 


Modulus of Elasticity. Referred to as E, this expresses the ratio 
between stress and strain. E for steel is taken as 30,000,000 
pounds per square inch, and for ironbark is 2,300,000 to 
3,100,000 pounds per square inch, according to variety. 

Safe Fibre Stress. This is the safe stress to which the fibres of 
any material may be subjected, and is usually referred to as f. 
This stress is governed by the modulus of rupture, which is 
arrived at by breaking test pieces in a testing machine. The 
modulus of rupture is divided by a factor of safety in order to 
determine the safe fibre stress. 
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SAFE FIBRE STRESSES 


Material 

f (lb. per square 
inch ) 

Steel. 

18,000 

Hardwood . 

2,000 

Oregon . 

1,400 

Softwood. 

1,000 


Loading. In arriving at the load to be supported by a beam 
the dead load, i.e. the beam itself and all the structural material 
it may be carrying, and the live load, i.e. the superimposed load, 
animate and inanimate, must both be included. Obviously the 
live load on floors, roofs and awnings, will vary considerably 
according to the purpose for which the building is used. Al¬ 
though the superimposed load may be, and, in the case of 
unusual loadings, must be calculated, regulations fix mini¬ 
mum loadings for certain conditions; and as these are usually 
in excess of any possible loading, they are accepted. These regu¬ 
lations are not uniform through the States, but the S.A.A. has 
compiled a table which is likely to be accepted as standard. 


MINIMUM LOAD INTENSITIES ON FLOORS 
(S.A.A.C.A.I.) 


Type of structure 

Minimum load 
(lb. per square 
foot) 

Street awning. 

30 

Roof. 

30 

Dwellings . 

40 

Offices . 

60 

Libraries. 

75 

Garages . 

100 

Stairways and landings .. 

100 

Ballrooms . 

100 

Factories. 

100 

Retail stores . 

100 

Drill rooms . 

150 

Warehouses . 

150 

Library stack rooms 

200 
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The same authority has prepared a table of average weights 
of materials, which is convenient when calculating the dead 
weight. These are average and should be adjusted to suit local 
materials. 


AVERAGE WEIGHTS OF MATERIALS 
(S.A.A.C.A.I.) 


Material 

Average weight 
(lb. per cubic 
foot) 

Brickwork . 

130 

Concrete. 

144 

Granite and marble 

168 

Limestone . 

156 

Sandstone . 

144 

Softwood. 

40 

Hardwood . 

70 


Design of a Timber Beam. The dimensions for beams may be 
determined by the application of the formulae already de¬ 
scribed. As an example, it is required to design a hardwood beam 
over a span of 10 feet, with a concentrated load of 8 tons at the 
centre of the span. Thus: 


L =120 inches 


W = 17,920 pounds, 
f = 2000 

WL fbd2 

As the formula is BM = MR, then —— = fZ, which = — - — . Rewriting 
6 WL 

the equation, bd2 — —— -, which, when the values given are substituted, 


reads bd2 — 


4f 

6 X 17,920 X 120 
4 X 2000 


. It is then necessary to assume a working 


breadth for the beam, and if this does not result in a beam of reasonable 
proportions, another breadth is substituted and the calculations from this 
point are worked out again. Assuming for this example a breadth of 9 inches, 
the equation becomes: 


d2 


6 X 17,920 X 120 
4 X 2000 X 9 


= V 


6 X 17,920 X 120 
4 X 2000 X 9 


= approximately 13-5. 


Therefore d 
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The beam used in practice as a result of this calculation would 
be 14 inches by 9 inches. 

The beam section is then tested to ascertain whether it will 
withstand the shear stress under the loading. The maximum 

17 920 

shear will occur over the support and will be — f -— =8960 pounds. 

As the depth of the beam is 14 inches and the maximum shear 
8960 pounds, the maximum shear per foot will be 7840 pounds. 
Ironbark will stand 500 pounds per square inch against shear, 
so if this is the timber to be used, the beam will safely stand 
14 X 9 X 500 63,000 pounds. This is far in excess of what 

the beam is actually carrying, so the section calculated will be 
quite safe against shear. 

It should be noted that in the foregoing calculation the weight 
of the beam itself has not been considered. In practice, it is 
necessary to include this weight, which is done by taking the 
weight of the beam as a distributed load over the span. As the 
weight of the beam cannot be determined until its dimensions 
have been calculated, it is necessary to go on from the point 
shown here and take out a fresh set of calculations with the 
additional weight added. Calculations rarely come out at an 
even figure, and the next inch up is taken to bring the beam to 
a standard milling size. This margin is generally found to be 
sufficient to allow for the weight of the beam itself. 

Design of a Steel Beam. The procedure in designing a steel 
beam for the same span and loading is as follows: 

The values of L, W and f are the same. The same formula is used. 

WL YVL 

Therefore if —-— = fZ, then Z = -. 

4 4f 

17 920 X 120 

Substituting the given values Z = 4* x 18 000 = ^ 9 ‘ 8 ' 

Having arrived at this result, reference is made to a steel hand¬ 
book and a section selected which has a section modulus of 
29*8, or one next above it. In this instance an R.S.J. 12 inches 
x 5 inches x 30 pounds, with a section modulus of 34*488 would 
be taken. 

As in the example for a timber beam, no allowance has been 
made for the weight of the R.S.J., so it is now necessary to revise 
the calculations with a distributed load of 30 pounds per foot 
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of the span included. This would be further increased if the 
R.S.J. is to be encased in concrete. 

The web of a steel section is designed as resisting shearing 
stress only. To test an R.S.J. for this the formula is: 

5-5 — 0-4 p 

(1 = the straight part of the web. 
t = the thickness of the straight part of the web. 

Substituting the values in the R.S.J. selected: 

9*74 

5*5 — 0-4 X n - 0 - 5 - = 4-32 tons per square inch. 

0 * DO 

The cross section area of the web is 12 X 0*33 3*96 square inches. 

Therefore the safe stress at the web for this section will be: 

3-96 X 4-32 = 17*11 tons or 38,326*4 pounds. 

The total maximum shear in this example, over the support, 
will be 8960 pounds, plus half the weight of the beam, which is 

. 10 y . = 150 pounds. Again this is much less than the calcula¬ 
tion indicates that the web will safely carry, and the section is 
thus considered satisfactory. 



Rivets. Rivets are small pins of varying diameters used to con¬ 
nect steel sections. Rivets can fail either by shearing or by bear¬ 
ing. The shear can be either single shear or double shear. If the 
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rivet fails in shear it is, in other words, cut off square. If it fails 
in bearing it bears into a plate. Single shear, double shear, and 
bearing are shown in Fig. 64. 

To calculate the value of a rivet against shear, the cross 
section area of the rivet is multiplied by the value of steel 
against shear. This value is taken as 13,500 pounds per square 
inch for shop rivets, and 12,000 pounds per square inch for 
field rivets. As an example, to find the value of a f inch diameter 
rivet, the sectional area of which is 0*4418 inches: 

0-4418 X 13,500 = 5964 pounds. 

When in double shear, the resistance of the rivet is theoretic¬ 
ally double its resistance to double shear, but in practice a 
margin is allowed and about 10 per cent of the result marked 
off. Thus the resistance of the f-inch rivet in double shear would 
be taken as 2 X 5964 — 1192 = 10,776 pounds. 

The value of a rivet against bearing is determined by multi¬ 
plying the diameter of the rivet by the thickness of the thinnest 
plate, multiplied by the value of steel against bearing. This 
value is taken as 22,500 pounds per square inch for shop rivets, 
and 20,000 pounds per square inch for field rivets. To find the 
value of a f-inch diameter rivet in one f-inch diameter plate 
and one £-inch diameter plate: 

0-75 X 0-5 X 22,500 = 8437-5 pounds. 

Rivet holes are drilled, punched holes not being satisfactory. 
The hole is usually ^ inch bigger than the diameter of the 
rivet to allow for slight inaccuracies in the fitting and for the 
expansion of the rivet when hot. The tail of the rivet is gener¬ 
ally closed by means of a pneumatic hammer, although it may 
be done with a sledge hammer and cupping tool, or with 
pneumatic pressure—the last named being a silent method. A 
general rule covering the spacing of rivets is that they should 
not be closer to each other than three times their own diameter, 
or further apart than 6 inches, or 16 times the thickness of 
the thinnest plate. 

Plated R.S.Js. The load-carrying capacity of a rolled steel joist 
is increased by the addition of plates to the flanges. To illus¬ 
trate this the 12" X 5" X 30 pounds R.S.J. shown in Fig. 65 is 
plated with two 10" X ¥' pl ates * The following calculation is 
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used to determine the load this section will carry over the span 
of 10 feet. 

The moment of inertia of the section is ascertained as the 
first step. This is done as follows: 


I for R.S.J. 

I for plates 

I for rivet holes 


206*931. 

10 X 133 
12 

812 X 133 
12 


10 X 123 


— 390*8. 


12 

•813 X 10*9653 
12 


59*456 


The total I for plates and beams — 390*8 + 206*931 = 597*731 
From this has to be taken I for rivet holes — 59*456 

The net I for the section therefore = 538*275 


Using the formula BM = MR 


Then 

Then 


WL 

IT 

W 


fl 

y 

8 X f X L 
l X y 

8 X 18,000 X 538*275 
120 X 6*5 


99,450 pounds, or 
44*35 tons. 


which is the distributed load which the section will carry over the span of 
10 feet. r 


The spacing of the rivets used to secure the plates to the 
R.S.J. is then calculated. The maximum vertical shear will 

99 450 

occur over the support and will be —^— pounds, which equals 

49,725 pounds per foot. As the rivets are in single shear it will 
be necessary to decide whether the number of rivets required for 
single shear or for bearing will govern the design. Rivets required 
for single shear (using f-inch diameter rivets as previously cal- 

culated = — 8*3 rivets per foot. Rivets required for 

u . 49 725 

bearing — ^ — 5-8 rivets per foot. Thus the design will be 

governed by the single shear, and 9 rivets per foot will be used. 
These are placed in two rows and staggered. 

Welding. This is a modern method of joining the parts of a 
built-up beam and may be used instead of rivets in the example 
quoted. The operation consists of heating to melting point the 
two pieces of metal to be joined and fusing them with a deposit 
of molten metal. Welding is silent and does not entail a loss of 
metal, as with the rivet-holes in riveting, but it tends to distort 
the members by reason of the intense heat. The strength of 
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welds is known and is given in tons per inch run. To calculate 
the weld required, the shear per inch run between the R.S.J. 
and the plate is determined and a weld of the requisite strength 
can then be found. 


Columns 

Columns, as with beams, may be composed of timber or steel. 
If of timber they are invariably square or rectangular in cross 
section, but in steel they are usually R.S.J.’s or channels. Built-up 
sections may be similar to beams (Fig. 58), or as Fig. 67. Steel 
columns may have either fixed ends, square ends or pin bearings. 
Fixed ends and pin type bearings are seldom used in practice, 
the most common being square bearings. 



If the length of the column is comparatively small, i.e., if the 
ratio of length to least cross section dimension is not more than 
four to one, there is no need to use a formula to design the 
member. It is only necessary to design a section which will with- 
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stand the direct compression load. But if the ratio of length to 
least cross section dimension is more than four to one a formula 
which takes bending into consideration must be used. 

Timber Columns or Struts. There are a number of formulae 
which may be used to design timber columns or struts. The 
following is that most used: 

A x f 

S = l + 12 

1100 X d2 

in which S = Safe load, 

f = Safe strength of timber in compiession, 

A = Cross section area, 

1 = Length in inches, and 
d = Least cross section dimension. 

This formula should only be used when the ratio of length to 
the least cross section dimension does not exceed thirty to one. 

When designing a column to support a given load, a cross 
section is assumed and calculations are made to test whether the 
assumed section is sufficient to support the required load. An 
application of the above formula for this would be: To arrive 
at the safe load an Oregon column 6" X 6" i n cross section and 
8 feet in length will safely support: 

f = 1400 pounds 
A — 6 inches X 6 inches 
1 = 96 inches 
d = 6 inches 

36 X 1400 

Therefore S = 1 + 96 X 96 =18-2 tons. 

1100 X 36 

When used as storey posts supporting beams, timber columns 
must have bolsters on top, on which the beams may rest. Timber 
bolsters, formerly extensively used, are unsatisfactory, owing to 
the possibility of partial collapse due to shrinkage. Steel bolsters 
may be rolled steel joists on the flat, channels, or boiler plate. 
The first mentioned is the most satisfactory (Fig. 66). 

Steel Columns. The formula generally used for the design of 
steel columns is: 

f — 1800 — 80 —. 

r 

In this f is the safe allowable stress in pounds per square inch, 
1 is the length of the column in inches and r is the least radius 
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of gyration. When f has been determined, the load to be carried 
by the column may be found by multiplying f by the cross sec¬ 
tional area of the section. Thus: 

W = f X A. 

This formula may only be used when the ratio - does not 

exceed 130, and 1 is not more than forty times the least cross 
section dimension. 



Radius of Gyration. The Radius of Gyration is equal to the 
perpendicular distance from the central axis to such point where, 
if all the area were concentrated, the moment of inertia would 
be the same. The letter r is used to signify the radius of gyration 
in formulae, when it refers to the least radius of gyration. This 
means it is taken about the axis yy of the section (Fig. 63). The 
radius of gyration is determined by taking the square root of 
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the moment of inertia, divided by the cross section area. Thus: 



Thus, in order to find the safe load for a 12" X 5" X 30 
pounds R.S.J., used as a column with an effective length of 9 
feet, the first step is to find the moment of inertia of the section 
about the axis yy. Using the formula given under “Beams”, 

j 1-035 X 4-673 , 10-965 X -333 

1 = - J 2 - + - 12 - = 8 * 817 * 

The radius of gyration has next to be found, now that the 
values of A and I are known. (A is: 8-827 square inches). Thus: 

- - m - 

With the radius of gyration determined the formula given above 
for the design of a steel column is applied. Thus: 

108 

f = 1800 — 80 X .999 -= 9352 pounds. 

Therefore W = 8-827 X 9352 = 82,550 pounds or 36-8 tons. 

As in this instance -i is less than 130, and the ratio of length 
to least dimension of the section is 21, the section satisfies the 
conditions required of it. 



Fig. 67. Types of Steel Columns. 






























Fig, 68 . Connections, Beam to Column. 
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Plates may be riveted or welded to R.S.J.’s to provide addi¬ 
tional strength, or columns may be built up of two or more 
R.S.J.’s and plates, or of other sections (Fig. 67). In every case, 
however, the above formula will apply, the values of A and 
I being for the compound section. 

Eccentric Loading. Columns in a steel frame building carry 
eccentric loads as well as axial loads. The latter come from the 
column above, but the loadings at the various floor levels come 
in on beams which are fixed to the columns by means of brackets 
(Fig. 68). 

The formula in such cases is: 

W = a[ (l8,000 — 80 -L) _ 

When W is the full loading, both axial and eccentric, A is the 
cross section area, M is the moment of eccentric load and Z the 
section modulus. 

Brackets. The design of the brackets required to connect beams 
with, and transfer their loads to, columns is quite simple and 
depends almost entirely on the provision of sufficient rivets to 
prevent failure of the joint by shearing. Columns are set upon 
base plates, connected with angles and splayed gusset plates, 
and are frequently finished with caps which are, in effect, bases 
in reverse. Standard bases and column connections are shown 
in Fig. 68. 

Casing. Most city building codes require the steel skeleton of 
a frame building to be encased in concrete, the minimum thick¬ 
ness varying from 1J- inches to 2 b inches, according to the code. 
The steel members are bound with No. 10 gauge wire or a wire 
mesh to ensure that the concrete casing properly adheres to the 
members. 




CHAPTER 11 

CONCRETE AND REINFORCED CONCRETE 
Concrete 

This is a plastic building material composed of a hard aggregate, 
which may be one of several materials, bound together with a 
mortar. The liquid or plastic concrete can be poured into almost 
any shape contained within moulds or forming, and when set 
it becomes very hard, tough and rigid. The constituents are 
mixed in varying proportions according to the strength re¬ 
quired, which is also affected by the type of aggregate and its 
gauge. The mortar consists of Portland cement and sand. 

% 

Portland Cement. The Portland cement used in concrete is 
usually supplied in paper bags of 1 cubic foot capacity (particu¬ 
larly handy for measuring volume) and 94 pounds in weight. 
It should be sufficiently fine that no more than 18 per cent 
remains after it has been passed through a sieve containing 
32,400 holes to the square inch. This degree of fineness is neces¬ 
sary in order that the interstices in the fine aggregate, or sand, 
are completely filled with the cement. 

A quick test of the soundness of cement may be made by 
taking a quantity of water-moistened cement and making it up 
into two balls, each of 14-inches diameter. After the balls are 
exposed to the air for one day they are placed in water which 
is gradually brought to boiling point over a period of 30 
minutes, and allowed to boil for three hours. The balls are then 
cooled and examined for cracks. Perfectly sound cement will not 
show any cracks. 

Brickettes made of three parts sand and one part cement 
should withstand a tensile stress of 250 pounds per square inch 
after being allowed to stand one day in air and six days in water 
at a temperature of 55 degrees to 75 degrees Fahrenheit. After 
standing one day in air and twenty-seven days in water at the 
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same temperature, the brickette should withstand 325 pounds 
per square inch. 

Fine Aggregate. This is another name for the sand which, with 
the cement, comprises the mortar. Standard fine sand is that 
which will pass through a sieve containing between 400 and 900 
openings to the square inch. The sand must be clean, sharp and 
gritty. It must be free from organic matter, clay and/or other 
impurities. Crushed sandstone has been found a good type of 
sand for concrete. In river sand the particles are not sharp 
enough owing to the constant movement by the water, and sea 
sand, by reason of its salt content, is inclined to attract moisture. 
It should not be used in any position where a constantly moist 
surface will be detrimental. 

Sand containing impurities must be cleaned. To decide whe¬ 
ther this is necessary a quantity of sand may be placed in a 
bottle containing a solution of sodium hydroxide. If the liquid 
remains clear after the contents have settled no washing is re¬ 
quired, but if it is dark in colour, then it indicates the necessity 
for washing. A quicker field test that is normally quite good 
enough after a little experience is to run a handful of sand 
against the palm of the hand. If the hands smell “earthy” after 
the sand has been dropped, it will be quite safe to order cleaning. 

Coarse Aggregate. There are many aggregates available and 
their suitability depends on the purpose and strength of the 
concrete to be mixed. As a general rule, aggregate should be 
cube-like in form and free from flakes. Sharp edges naturally bind 
better than round pebbles. For the strongest work, basalt, or 
blue metal, is to be preferred and is most used. For reinforced 
concrete and for casing steel framework it is usually broken 
to f-inch gauge, but concrete for foundations and for floors 
on hard, rammed filling may be mixed with aggregate up to 
2-inch gauge. An excess of fine dust is to be avoided. 

Broken brick makes a good aggregate provided it is clean of 
all plaster, although it should not be used in reinforced con¬ 
crete. Crushed river gravel is usually quite satisfactory. 

When concrete is required to be sound and heat insulating, 
but not weathertight, pumice and coke breeze are very satis¬ 
factory aggregates, especially the former, which has five times the 
insulating value of blue metal concrete. Only ashes that are the 
product of high-temperature combustion of coal or coke should 



Concrete and Reinforced Concrete 


195 


be used in breeze concrete. Owing to the presence of sulphur 
compounds, breeze concrete should never be used with rein¬ 
forcement. 

Mixing Concrete. Concrete is mixed either by hand or in a 
mechanical mixer. When mixed by hand, a large wooden plat¬ 
form is used and the proportions of the ingredients carefully 
measured in correctly dimensioned gauge boxes. The coarse 
aggregate is first measured and spread as thinly as practicable 
on the platform. The sand is then spread evenly over the aggre¬ 
gate and the cement over the lot. The mixture is then turned 
over by shovel, moving across the platform. It is mixed a second 
time, working back the other way. Water is then sprayed on 
with a fine jet and the mixture turned over twice again while 
wet. The quantity of water is very important. 

By far the best method of mixing concrete is with mechanical 
mixers. These vary in size, and where possible one which is 
large enough to take a full bag of cement in each batch should 
be used. As with hand mixing, the quantity of water must be 
judged very carefully. The mixture is allowed to remain for at 
least one and a half minutes in the hopper before it is turned out. 

In the cities, ready-mixed concrete, may be obtained. This is 
mixed in a centrally placed mixing plant and delivered to the 
job ready for placing in position. It is conveyed in drums 
mounted on motor lorries, the drums being agitated to prevent 
the concrete setting. According to the “S.A.A. Code—Ready 
Mixed Concrete”, a period of ninety minutes may elapse between 
mixing and placing provided the concrete is conveyed in pro¬ 
perly agitated drums. 

The amount of water added to the concrete is of the utmost 
importance. Tests have proved that under certain conditions an 
excess bucket of water can reduce the strength of the concrete 
as much as the omission of two buckets of cement would. Slump 
tests should be carried out to decide the amount of water neces¬ 
sary for a mixture. It is necessary to have a sheet metal mould 
in the form of a frustrum of a cone, the diameter at the top 
being 4 inches, at the bottom 8 inches, with the mould 12 inches 
high. Both ends are open and the mould is fitted with handles. 
In addition a metal rod 21 inches long and § inch in diameter 
is required. 

To make the test, the mould is placed with the larger diameter 
end on a hard surface and the concrete poured into it. Only 


o 
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layers of 4 inch thickness are poured into the mould at one 
time, and after each layer is placed the mixture is stirred thirty 
times. When the mould is filled it is gripped by the handles and 
lifted off. The mixture should be measured and the difference 
in height between that and the original cone noted. This differ¬ 
ence will be the slump. 

Slumps for various types of concrete work should be: 

(1) Concrete in large masses—2 inches. 

(2) Reinforced concrete, beams and slabs—4 inches. 

(3) Thin vertical sections—8 inches. 

(4) Roads and pavements—4 inches. 

If after making a test it is found that a slump is too small, 
then more water can be added to the mixture. If on the other 
hand the slump is found to be too much, then less water must 
be used in the mixture. 

Shrinkage of Concrete. The shrinkage of concrete during drying 
is in direct relationship to the quantity of water used, and is also 
effected by the mix. A mixture that is rich in cement shrinks 
considerably more than one that is lean in cement. Shrinkage 
produces a brittleness, which varies with the extent and speed 
of the shrinkage. It is most pronounced when quick setting 
cements are used. 

Placing of Concrete. This also is a very important operation, 
and the final strength of the concrete depends on how this 
work is carried out. It is most essential that the form-work is 
quite rigid, and strong enough to withstand the weight of the 
wet material when it is placed in position. The forms must 
be perfectly clean and, if they are to be re-used, the surfaces 
should be treated with soft soap in order that they may be easily 
removed. Form-work is well wetted immediately prior to th» 
placing of the concrete. 

When concrete is mixed on the job the mixer is placed as 
close as possible to the place where the concrete is to be poured. 
It is usually wheeled from the mixer in barrows or skips. When 
these are emptied, the concrete should not be allowed to fall 
from a greater height than is necessary, or the heavier aggregate 
will concentrate at the bottom. The skips should be discharged 
at different points, and the concrete should not be deposited 
in a heap and allowed to run off, or flow, to distant points. 
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Before any concrete is laid where there is reinforcement, the 
latter should be checked to see that it is in the correct positions. 
When poured, the concrete is carefully placed around and under 
the reinforcement, and tamped. An excessive amount of tamping 
is as bad as too little. Properly proportioned concrete will settle 
correctly with very little tamping. 

Vibrators are now frequently used for consolidating concrete 
in the forms. These machines are either pneumatically or electric¬ 
ally driven, and vibrate with a quick, short movement. Tests have 
shown that vibration in itself does not effect the strength of 
concrete, the water content being the principal factor in this. 
Vibration does, however, permit the use of stiffer mixes and lower 
sand content. This means that less water or a leaner mix may 
be used, and the strength of any given mix increased as a 
consequence. 

Construction joints are carefully worked out so that they 
do not weaken the structure or mar the appearance. The centre 
of the span is the best place in a horizontal slab. When work is 
to be resumed, the concrete that has already been placed is well 
cleaned off and saturated with water. The first concrete to be 
placed on resumption is made as plastic as possible. 

Removing the forms is termed “the striking of the form-work”. 
Most regulations require that all form-work shall remain in 
position for a period of twenty-eight days, but some authorities 
allow the sides of beams and columns to be removed after a 
period of seven days and soffits fourteen days. It is obvious that 
quite a large quantity of form-work is necessary if the job is to 
proceed without any delays. 

Testing Concrete. Frequent tests of the concrete being used 
should be made. Standard test cylinders measure 4 inches in 
diameter and 9 inches in height. It is usual to have tests made 
in a testing machine after a period of twenty-eight days. 

Reinforced Concrete 

Concrete poured into slabs or beams or columns, and reinforced 
with mild steel bars, is a convenient form of fireproof construc¬ 
tion now much used for office and warehouse type buildings. It 
has many advantages and is regarded as more homogeneous 
than steel frame construction, although as a general rule the 
sections of beams and columns are larger. The mild steel rein- 
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forcement is necessary because, while concrete is strong in 
compression, it has only one-tenth of this strength in tension. 

Reinforced Concrete Beams. The general principles of structural 
design are the same as those described in the chapter on “The 
Design of Beams and Columns”, except that allowance must 
be made for the fact that wherever concrete is in tension it is 
reinforced with the steel rods. 

As in the design of timber and steel beams the moment of 
resistance is of importance. To determine this it is first necessary 
to find the position of the neutral axis. It was pointed out in 
the preceding chapter that as timber and steel are equally strong 
in compression and in tension, the neutral axis for sections of 
these materials is through a point half way down the depth. 

The moment of resistance in a rectangular beam is MR = 

If the beam were concrete alone it would be a simple matter 
to arrive at the neutral axis, but when the beam is combined so 
that the concrete will withstand the compression and the steel 
the tension, quite a large amount of calculation is necessary. 



The section below the neutral axis is considered as simply 
holding the steel in position. In the reinforced concrete beam 
in Fig. 69 the dimension Jd is indicated. 

This is the distance from the centre of gravity of the concrete 
above the neutral axis to the centre of gravity of the steel. This 
dimension must be found before the moment of resistance of the 

































Concrete and Reinforced Concrete 


199 


section can be determined. But.the length of Jd cannot be ascer¬ 
tained until the position of the neutral axis has been settled. The 
dimension Kd (Fig. 69), is the distance from the top of the 
beam to the neutral axis, and the distance d—Kd is the distance 
from the neutral axis to the centre of the steel. These dimensions, 
Kd and d-Kd, are parts of the depth of the section in a pro¬ 
portion to each other depending upon the shortening of the 
concrete and the expanding of the steel under stress. In brief, 
the modulus of elasticity must be found. This is referred to as 
E and is: 

Stress 

E — —-— 

Strain 

the stress being the load applied, and the strain the deformation. 

According to the S.A.A. Code, the modulus of elasticity of 
steel is, using an average, 30,000,000 pounds per square inch. 
The modulus of elasticity of concrete naturally varies according 
to the strength of the concrete. Elasticities for varying strengths 
are given in S.A.A.C.A.2 as: 

When the compression strength of concrete at twenty-eight 
days is between 1500 and 2200 pounds per square inch, E is 
considered to be 2,000,000 pounds per square inch; when between 
2200 and 2900 pounds per square inch, E is 2,500,000 lbs per 
square inch; and when the strength exceeds 2900 pounds per 
square inch E is accepted as 3,000,000 pounds per square inch. 
With properly mixed concrete, proportioned 4:2:1 and using 
| inch gauge blue metal, no difficulty should be found in ob¬ 
taining a satisfactory test of 2200 pounds per square inch, 
using a standard test cylinder. 

The safe load to be borne by the extreme fibres in compression 
is known as fc. This is given by S.A.A.C.A.2 as 0*35 of the 
compression strength. This makes fc = 0*35 X 2200 = 770 
pounds. This is usually accepted as 750 pounds. 

The letter n in reinforced concrete formulae represents the 
ratio of the modulus of elasticity of the steel to the modulus of 
elasticity of the concrete. The value of n varies as follows: 

Concrete over 2900 pounds per square inch compression 

30,000,000 __ 

Stren s th " = '3,000^00 - 

30,000,000 _ ]9 
~ 2,500,000 ~ 

30,000.000 _ 1R 
— ' 27000,000 — 


Concrete from 2200 pounds to 2900 pounds 
Concrete from 1500 pounds to 2200 pounds 


n 
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From this it will be seen that, the deformation must be the 
same in both materials of a reinforced concrete beam if cracks 
are not to occur and the strength of the beam disastrously 
affected. Obviously then, the correct proportion of steel to con¬ 
crete is of paramount importance. 

The proportionate deformation of concrete having an allow¬ 
able strength of 750 pounds per square inch to steel having an 
allowable stress of 18,000 pounds per square inch will be: 


750 : 


18,000 

15 


or 750 : 1,200 


With these results it becomes possible to plot the position of 
the neutral axis, B, Fig. 69. In the figure, the vertical line AB 
can be set out to any size. The line AC is set out horizontally 
to a suitable scale to represent fc, and in the same way the 
line BD is set out horizontally to the same scale as AC, but in 
fs 

length to represent —. If the points CD are joined, the line CD 

will cut the vertical line AB at F, which means that the neutral 
axis will be a horizontal line through this point. If the concrete 
is taken at 2200 pounds compression strength, and the steel at 
18,000 pounds, it will be found that the neutral axis is 0*385 
of AB down from the point A and 0*615 of AB up from the 
point B. These proportions will remain constant if the allowable 
stress of 750 for concrete and 18,000 for steel be taken. 

In the beam shown in Fig. 69 the triangle above the neutral 
axis represents the area of the effective fibres of the concrete 
against compression. The force acts through its centre of gravity, 

which will be ——or 0*128d from the top of the beam. Jd, 

the length of the lever arm, will then be d—0*128, which equals 
0*87d. 

As well as by this graphic method, the neutral axis can be 
located by calculation, the formula for which is: 


k = >/2p n + (p n ) 2 — P 71 

In this formula p is the ratio of the area of steel to the area 
of the cross section of the beam. 

A Q 

Therefore p = r-^ 
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The value of p must be such that the forces of concrete and steel 
are equal, and the following formula gives the value of p: 





With fs as 18,000 and fc as 750, the value of p, calculated by 
this formula, equals 0*008. 

With the value of n determined, the formula for locating the 
position of the neutral axis can then be set out thus: 

K = V2 X 0*008 X 15 + (0*008 X 15)2 — 0*008 X 15 
— 0*3843 

Having thus located the neutral axis and the dimension Jd, 
it becomes possible to arrive at a formula for the moment of 
resistance for the section. Referring again to Fig. 69, the area 
of effective fibres of the concrete against compression will be: 

which multiplied by fc will give the value of the concrete 
fcbKd 

against compression, thus — ^ — • When this is multiplied by the 
lever arm Jd it will give the moment of the concrete force. 
fcbKTds 

Therefore Me = —~— • 

The moment of resistance of the steel can be found in a 

An 

similar way. It has been shown previously that p = —, therefore 

As pbd, which, when multiplied by the allowable stress for 
steel will give the steel force, which is: pbd X = fspbd. There¬ 
fore the moment of resistance of the steel will be: 

Ms = fspbd X Jd = fspbjd2. 


Design of a Simple Reinforced Concrete Beam. Using the 
formulae for finding the moment of resistance and the fact 
explained in the previous chapter that BM = MR, the safe 
load for a reinforced concrete beam can now be calculated. As 
an example a span of 18 feet may be assumed, a depth of 20 
inches and a width of 12 inches. It may further be accepted 
that fc is 750 pounds per square inch and fs is 18,000 pounds 
per square inch. The values of n (15), p (0*008), K (0*385), and 
J (0*87) have just been determined. 

As in timber and steel beams, the first step in the design of a 
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reinforced concrete beam is to equate the bending moment to 
the moment of resistance. 


As BM = 

YVL 

8 


and Me = 

fcbKJd2 

2 


Therefore 

WL 

fcbK Jd 2 


T“ ~ 

2 

This means that W — 

8 X fc X 1) XK X Jcl2 

8 X 750 

2 X L 

X 12 X 0-385 X 



2 X 216 

— 

22,330. 



To find the area of steel required, the formula As — pbd is used. In this 
case As = 0-008 X 12 X 20 = 1-920 square inches. On the assumption 

1-920 

that there will be three rods, each rod will be —_— = 0-640 square 

o 


inches. This area does not coincide with a standard rod, so two rods of 
J-inch diameter and one rod of 1 -inch diameter would probably be used. 
The areas are: 


Two rods at |-inch diameter 2 X 0-601 = 1-202 

One rod at 1-inch diameter *785 


Total 


1-987 


The overall depth of the beam would be at least 21 inches, to 
allow a cover for the reinforcement in the bottom of the beam. 

When the load to be carried is known, as is usual in practice, 
and the section of the beam has to be determined, the procedure 
is to assume a width for the beam and calculate a depth to suit 
the case. If this results in a depth that is not satisfactory—it may 
be too deep to leave sufficient headroom—it is necessary to in¬ 
crease the assumed width and go through the calculations again. 

Bond Stress. Shearing stress may cause reinforcing rods to slip 
or be pulled through the concrete. This slip is known as bond 
stress and is counteracted by the adhesion of the concrete to the 
reinforcing rods. It is further counteracted by hooking the rods 
at the ends. The hooking, or anchorage, is achieved by turning 
the end of the rod through a bend of 180 degrees on a radius 
of 5d; d is the diameter of the rod (Fig. 70). 

S.A.A.C.A.2 requires that the bond stress shall not be more 
than 0-05fc for indented rods and 0-04fc for plain rods. 
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The formula used for bond stress is: 


20 = 


In this formula V 
u 
0 

20 


V 


Jd X u 

total shearing stress, 

bond stress in pounds per square inch, 

perimeter of one rod, and 

the total of the perimeters of all rods. 



Fig. 70. Hooked End on Reinforcing Bar. 


To test the reinforced concrete beam, which has been calculated 
previously, for bond stress, the procedure is thus: 


The value of V 
The value of u 


22,330 


= 11,165 pounds. 


0*05 X 2200 = 110 pounds. 
Therefore 2 0 = 0 . 87 ^ no = 5 ‘ 8 ‘ 


The perimeters of the rods previously determined are: 

Two rods at J-inch diameter — 2 X 2-748 = 5-596 
One rod at 1-inch diameter 3-141 


Total 8-737 

As this exceeds the 5-8 inches required to resist the bond stress, 
the reinforcement already determined is sufficient. 

Diagonal Tension. It will be realized that a reinforced concrete 
beam is not complete in design when provision has been made 
for the section to withstand compression and tension only. Just 
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in the same way as for timber and steel, the reinforced concrete 
section must be designed to withstand vertical shearing stresses 
and buckling. A reinforced concrete beam is likely to fail by 
shearing, and if such is the case, failure is by cracks which are 
inclined from the support at an angle of approximately 45 
degrees towards the load (Fig. 71). 



It is possible that the concrete may have sufficient strength 
to withstand this shear stress, but when it has not, web rein¬ 
forcement is used. This may either be in the form of inclined 
rods or vertical rods, usually called stirrups. The spacing of 
these stirrups is determined by the application of the following 
formula: 

c A X t X Jd X Sin e 
b = vt 

In this formula S is the spacing of the stirrups, A is the cross sectional 
area of the stirrups, t is the allowable stress per square inch for steel stirrups, 
usually accepted as 14,000 pounds, 0 is the angle of the stirrups with the 
axis of the beam and V* is the excess of shear beyond that which can be 
carried by the concrete itself. Provided that the reinforcement is properly 
anchored, the building authorities assume that the concrete will take a 
vertical shear equal to 0-03 of fc. If fc is accepted as 2200, then V* would 
be 2200 X 0-03 = 66 pounds per square inch. In practice, however, it is 
usual to take Vi as 40 pounds per square inch. Jd is the effective depth of 
the beam. 

To test the before calculated reinforced concrete beam section for diagonal 
tension, the diameter of the stirrups must first be assumed. A diameter of 
\ inch is usual, so that A would be 0-049 X 2 = 0-098 square inches. 












Concrete and Reinforced Concrete 


205 


w 

The value of Vi would be - - 12 X 0-87 X 20 X 40 


22,330 

2 


8352 = 2813. 


Using these values in the formula: 


S 


0*098 X 14,000 X 0*87 X 20 X 1 
2813 


= 8*4 inches. 


which represents the spacing of the stirrups for the first foot of the beam. 
The shear is then calculated again for each succeeding foot of the span and 
the formula applied as often as is necessary. 


As the cracks due to diagonal tension occur at an angle of 
45 degrees from the horizontal, it would be useless to space 
the stirrups further apart than the depth of the beam. The 
regulations of the City of Sydney require the maximum spacing 
not to exceed three-eighths the effective depth of the beam. In 
beams where it has been decided that no top reinforcement is 
necessary, rods, usually called hanging rods, will be required 
in the top to support the stirrups. 

Continuous Beams. So far the remarks on reinforced concrete 
beams have referred only to those simply supported at each end. 
Whereas with timber and steel it is difficult to have a beam 
extending over more than one span, the integral nature of 
reinforced concrete makes continuous beams common practice. 
Under such circumstances the formulae for bending moment 
and for .shear are different to those for beams simply supported. 
Where a beam is continuous over a support there is a negative 
moment over the support, and this extends for a distance out 
from it. As for a simply supported beam, there is a positive 
bending moment. But this only extends over a short distance 
of the span, when it changes to a negative moment. The point 
of change from positive to negative is known as the Point of 
Contra-flexure . 

When a beam extends over one span only, each reaction sup¬ 
ports half the load. When it is continuous over two spans, 

the centre support takes - g - of W and the two end supports 
eac h-^-°f W. If the beam is continuous over three spans, the 
two centre reactions each support of W, and the two end 
reactions each -r^ of W. 
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When a beam is continuous over two spans the negative 
bending moment over the centre reaction is^^-and the positive 
bending moment -y^-. When the beam is continuous over three 
spans the negative bending moment over the centre supports 
is -jtt 1 * die positive bending moment for the centre span is 
and for the outside spans is -jq-* 

The same formula as for a simply supported beam is used 
to design a continuous reinforced concrete beam, and the steps 
in the calculation are carried out in the same way. But it is 
necessary that the depth of the beam satisfies the negative 
moment as well as the positive moment. The most practical way 
is to determine which is the greater and base the calculations on 
that one. 

When the depth of the beam has been determined, the amount 
of steel necessary to satisfy the negative moment as well as the 
positive moment must be found. In practice it is usual to bend 
up the rods in the lower section of the beam to the higher sec¬ 
tion at the point where the moment changes. In most cases this 
allows sufficient steel for the negative moment, which naturally 
requires the steel to be placed in the upper section of the beam. 
These bent-up rods are carried along the beam to the point of 
contra-flexure on the other side of the support and are hooked. 
The spacing of the stirrups is calculated in the same way as for 
a simply supported beam. 

Slab and T-Beam Construction 

Reinforced concrete is eminently suitable for what is known as 
slab and T-beam construction. This is an economical method of 
constructing the floors and beams in a reinforced concrete 
structure. 

Slab. This is the name given to the portion of a reinforced 
concrete floor between beams. The thickness of the slab is cal¬ 
culated in the same way as a beam section, the usual practice 
being to base the calculations on a strip 12 inches wide, treated 
as a beam. When the slab is rectangular on plan, it is designed 
to carry the load over the shorter span, but it is possible to 
effect some economy by using two-way reinforcement by assuming 
the load is to be resisted in the two directions. S.A.A.C.A.2 allows 






Concrete and Reinforced Concrete 


207 


half the loading to be carried each way in a square slab, and 
1 3 _ L q 5 ~ as t ^ ie l° ac l supported in the short direction in a 
rectangular slab. The balance is taken on the long span. 

In using the formula it is necessary to assume a dead load. It 
is usual to calculate the weight of concrete in a slab on the 
basis of 12 pounds per square foot for every inch in thickness, 
with an additional 10 pounds per square foot for the topping. 
In the total load the superimposed load must be added. Except 
in special circumstances this is obtained from the table given in 
the preceding chapter. 

As an example, it is desired to design a reinforced concrete 
slab over an area of 11 feet by 9 feet in an office building. To 
calculate the dead load the depth of the slab is assumed to be 
4\ inches. Then 

W zz Concrete 54 pounds 

Topping 10 pounds 

Superimposed load 100 pounds 

Total 164 pounds per square foot 

Because the slab is continuous over the supports, the bending 
WL 

moment will be -jq-* Therefore: 

. 1476 X 108 , r nln Q . , . 

BM — -—- zz 15,940-8 inch pounds. 

Using thd formula to arrive at the depth of the beam: 

, / 2 X 15,940-8 0 . . . 

C — V 750 X 0-385 X 0-87 X 12 ~ 3-1 nlches 

Allowing 1-inch covering for the steel in the lower section of 
the slab, the assumed total depth of 4£ inches is thus proved 
satisfactory. 

The next step is to find the area of steel required, using the 
formula: 

As zz pbd, which transcribed reads: 

As zz 0-008 X 12 X 3-5 zz 0-366 square inches. 

On the assumption that three rods will be used, the area of each 
rod will be - — 0-122 square inches. The standard rod next 

above this in area is inch, which is 0-150, so that the reinforce¬ 
ment would consist of ^-inch diameter rods at 4-inch centres. 
When one-way reinforcement is used it is necessary to use cross 
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rods or temperature rods to prevent cracks. These are usually 
spaced about 24 inches apart. As for a continuous beam, it is 
necessary to bend up the reinforcing rods over supports to resist 
the negative bending moment. 

T-Beam. It has been shown earlier in this chapter that, as a 
general rule, concrete above the neutral axis is accepted solely 
as resisting compression, while the concrete below the neutral 
axis is used to hold the steel in position and to resist shear. 



Fig. 72 indicates how the section of a T-Beam is arrived at. It 
is merely a case of making use of the fact that the upper portion 
of the beam is used only against compression. Fig. 72 also shows 
how portion of the floor slab is embodied in the beam. From the 
point of view of statics, the T-beam is a rectangular beam of 
the breadth b (b, Fig. 72) with the reinforcement and concrete 
necessary to cover it compressed into the breadth b 1 . This por¬ 
tion of the beam is called the stem. 

Certain limits are imposed on the dimension of the flange b, 
the S.A.A. Code being used as a guide. These limits are that b 
must not exceed the distance between stems, it must not exceed 
one-fourth the span of the T-beam, the projection on each side 
of the stem must not exceed the thickness of the flange by more 
than 8 times, b must not exceed one-tenth the span of the 
T-beam in one-sided T-beams, and the projection beyond the 
stem in one-sided T-beams must not exceed the thickness of the 
flange by more than 6 times. 

To demonstrate the method of designing a T-beam, it is assumed that the 
slab quoted above is to be supported by a T-beam, which will be taken as 
extending along the 11-foot span. 

W = the weight of the slab = 11 X 9 X 164 — 16,236 

plus assumed weight of the beam = 11 X 150 — 1650 


Total 17,886 pounds 
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As the beam is continuous, the positive bending moment will be ~ 9 . 

Then BM = 1^. = 196,746 inch pounds. 

Taking the top of the beam as one-fourth of the span, it is 2*75 feet, or 
33 inches. 

, / 2 X 196,746 _ OQ . t 

ThCn d = V- 750 X 0T 385 X TO X 3 3 = 6 ’ 88 mches ' 

Allowing for 1-inch cover for the steel, the depth of the beam would be 
8 inches. 

The area of steel on the As = pbd formula would be 

As = 0*008 X 33 X 6*88 = 1*81632 square inches. 

1*81632 

Using three rods each would require to be--- = 0*605 square inches. 

The standard rod with an area next above this is l% 6 -inch diameter, the 
area of which is 0*690. 

WL 

The negative bending moment is then found. This is . 

17 886 y 1 32 

Then BM — —--- = 236,095*2 inch pounds. 

On the assumption that the stem is 12 inches wide 

^ / 2 X 236,095*2 ^ 0 . , 

d — \ 750 X 0-385 X 0-87 X. 12 — 16-2 mches - 

The area of steel required would therefore be 0*008 X 12 X 16*2 rr 
1*5552 square inches. 


It is convenient under practical conditions to bend up two 
of the rods at the point of contra-flexure on both sides of the 
support. This makes a total of four rods to resist the additional 
stress due to the negative bending moment. The calculations 
have proved that four rods are more than necessary, but it is 
simpler, in practice, to use them rather than insert others of 
special diameter. 

The calculations also show that a greater depth of beam is 
required to resist the negative bending moment than the positive 
bending moment. This depth is only necessary for part of the 
span and is not required beyond the point of contra-flexure. 
This greater depth is usually achieved by the use of haunches 
(Fig. 73). When these are considered undesirable from a design 
point of view, special compression steel may be inserted in the 
lower section of the beam to resist the compression in the section 
by the negative bending moment. 

Should it be desired to reduce the depth of the beam, it may 
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be necessary to increase the amount of steel. To determine the 
amount required, the moment of the steel must be equated to 
the negative bending moment. As an example, to determine the 



area of steel required if the beam depth is to remain at 6-8 
inches, the procedure is: 


Then As 


Asfs Jd = 236,095-2 
236,095-2 __ 236,095-2 

fsjd “ 18,000 X 0-87 X 6-88 

2-19 square inches. 


Two !%(j-inch rods bent up from each side would give an area of 0-690 
X 4 = 2-760 square inches, which would be sufficient. 

The determination of the compression steel is the next step. The moment 
of resistance of the concrete is deducted from the negative bending moment, 
the result being the bending moment to be resisted by the steel compression 
rods, thus: 

w fcbKTdS 

Me = -^- 


750 X 12 X 0-385 X 0-87 X 6-88 X 6-88 

2 


71,346 inch pounds. 


This result is subtracted from the negative bending moment: 

236,095-2 — 71,346 = 164,749-2 inch pounds, 
which is the amount to be resisted by the compression steel. 

In order to produce equal deformation in the steel and the concrete, the 
stress in the steel will be 15 times that in the concrete; so the moment of 
resistance of the steel will be: Asnfcjd. Equating this to the negative bending 
moment: 


Asnfcjd = 236,095-2. 

236 0Q5-2 

Therefore As = 15 x 750 X V 87 X 6-88 = 2 3 ' 8 SqU3re inCheS ‘ 

3-8 

Using three rods the area of each would require to be —— = 1-26. l$-inch 
diameter rods, having an area of 1-48 square inches, each, would be used. 
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Web Reinforcement. The spacing of the stirrups is calculated 
in exactly the same way as shown previously for a simply sup¬ 
ported beam. 

Reinforced Concrete Stair 

Stair flights are designed as simply supported floor slabs with 
the load carried the long way of the span. The span is always 
assumed to be the horizontal distance. Regulations require an 
allowance of 300 pounds as a concentrated load at any point, 
to be taken into consideration when the stair is being designed. 
As an example, a stair 4 feet wide with a span of 9 feet will be 
assumed. The inclined length is 11 feet, the thickness of the slab 
6 inches and each tread averages 2£ inches in thickness. 

Weight of the slab = 11 X 4 X *708 = 31*152 cubic feet. 

Dead load — 31*152 X 144 = 4485*888 pounds 
Live load = 9 X4 X 120 = 4320 pounds 

Total load 8805*888 pounds 

, , . , , J WL 8805*888 X 108 

BM for the distributed load = —— = -g-— 

— 118,879*56 inch pounds. 

, , , WL 300 X 108 Q1AA . t 

BM for concentrated load = —^^-= o!00 inch pounds. 

Total BMs — 126,979*56 inch pounds. 

^ ^ / 2 X 126,979*56 , KO . u 

Therefore d ~ V 750 X 0-385 X 0-87 X 48~ 4-58 lnches ' 

This depth is the distance from the inner corner of the tread and riser to 
the soffit of the flight. The steel required, As = pbd, 

= 0*008 X 48 X 4*58 = 1*76 square inches. 

Assuming that there are sixteen rods, then the area of each rod must be 
1 • 76 

— T — — 0*11 square inches. 

This is the sectional area of f-inch diameter rods, which would 
be spaced at 3 inches centre to centre. As for a slab, cross or 
temperature rods must also be used. These are usually spaced 
at 12 inches centre to centre. 

Reinforced Concrete Columns 

Reinforced concrete columns may be square, rectangular, oc¬ 
tagonal or circular in plan. The reinforcing rods are placed 
vertically. That portion of the concrete inside the rods is called 


p 
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the core, and is the only portion considered when the column is 
being designed. The rods are tied together with steel ties or 
laterals, or hoops or spirals, according to the shape of the 
column. These ties are spaced at not more than fifteen times the 
diameter of one of the vertical reinforcing rods, or more than 
12 inches, whichever is the lesser. In the case of circular columns, 
the spiral ties must not be less than 1 per cent of the volume 
of a given length of the column. Where individual ties are used 
the diameter must not be less than ± inch. Spacing is the same as 
for other shaped columns. The height or length of a column 
must not be more than fifteen times the least cross sectional 
dimension. This means that a column in cross section 12 inches 
by 9 inches must not be longer than 12 feet. When two beams 
of varying depth are connected to a column, the length of the 
column is taken from the floor level to the soffit of the shal¬ 
lowest beam. The cross sectional dimension for this is of the 
core, not the full column. All these points are governed by regu¬ 
lations of the building authorities. 

When there is no bending to be considered in the design of a 
column, the following formula can be used: 

P r= fc A [1 + p (?i — 1)]. 

In this formula P is the load the column may carry, A is the 
effective area (i.e. the core) of the column and p is the per¬ 
centage of the steel, usually accepted as 2 per cent. 

The application of the formula may be shown in an example 
assuming a column 12 feet long, and 18-inches by 18-inches 
outside diameter, reinforced with four vertical rods. To deter¬ 
mine the value of P: 

A = 14 X 14 = 196 square inches 

p = 0-02 

n = 15 

fc — 750 

Therefore P = 750 X 196 [1 + 0-02 (15 — 1)] = 188,160 pounds, or 
84 tons. 

As p has been accepted as 2 per cent, then: 
lQfi y 9 

As = -—— = 8-92 square inches. 

On the assumption that there are four rods, the area of each 
3*92 

rod will be—^—= 0*98 square inches. The nearest standard rod 
is 1^-inch diameter, which has a cross-sectional area of 0-994 
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square inches. This diameter multiplied by 15 would give the 
spacing for the laterals. This is 16-8 inches, but as this exceeds 
the regulation maximum of 12 inches, the ties would be spaced 
merely to comply with the regulations. 

When the load is known and a suitable section required, as 
is invariably the case in practice, it is usual to assume a size 
for the column, and by calculation prove whether it is satisfac¬ 
tory. This becomes a trial and error method until a suitable 
section is arrived at, but after a little experience the section 
assumed is generally found to be the correct one. A circular- 
column is treated in exactly the same manner as a square column. 





CHAPTER 12 

ROOF DESIGN 


Spans 

Small Spans. It is usual, mainly for convenience but primarily 
for reasons of cost, to construct roofs over small spans such as 
would occur in cottages, in a simple form using plain rafter 
construction. The rafters are tied at their feet by being spiked 
to the wall plates or the ceiling joists and so form some simple 
kind of braced construction. There may also be collar ties be¬ 
tween pairs of rafters half-way up their length. When the span 
exceeds the smallest dimensions such types of construction 
require strengthening by struts or vertical pieces inserted be¬ 
tween the ceiling and the roof. Struts are usually supported from 
the internal walls or from bearers fixed along the top of the 
ceiling joists (see “Carpentry”). 

Large Spans. When larger spans are to be covered and inter¬ 
mediate support from walls or posts is impracticable, a braced 
frame must be used to support the roof covering. These braced 
frames are called trusses and may be constructed of timber, steel, 
or a combination of both. They are designed to span from one 
end of the truss to the other without intermediate support. 

Trusses 

Trusses may be fabricated on the job or at a joinery or engineer¬ 
ing shop, whence they are delivered ready for assembly, or com¬ 
plete ready for erection. There are quite a number of standard 
designs to which roof trusses usually conform. The selection is 
dependent upon the span, the material comprising the truss, the 
material to be used as a roof covering, and other local consider¬ 
ations. Some of the more common types of roof trusses are 
shown diagrammatically in Fig. 74. 






. KING POST TRUSS FAN TRUSS 



QUEEN POST TRUSS ' HOWETRUSS 



Fig. 74. Roof Trusses. 
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They are: 

1. King post truss, suitable for spans up to 30 feet. 

2. Queen post truss, suitable for spans up to 46 feet. 

3. Fan truss, suitable for spans up to 60 feet. 

4. Howe truss, suitable for spans up to 60 feet. 

5. Sawtooth truss, suitable for spans up to 25 feet. 

6. Warren girder, suitable for spans up to 100 feet. 

The introduction of the timber connector has made possible 
the use of several other trusses, in which timber is used, for very 
large spans (Fig. 75), while all of the above trusses may be con¬ 
structed in timber. 

The general methods of design for timber trusses are similar 
to those used in the design of steel trusses, discussed in this 
chapter. As the properties of timber are widely different from 
those of steel and not nearly so constant, the design of timber 
trusses is more difficult than the design of steel trusses and calls 
for more experience. As green or half-green timber is generally 
used for this type of work, the designer must make allowance for 
shrinkage as the timber dries and so ensure that it will not cause 
serious trouble. 

Another important factor is the rigidity of the truss. It has 
been proved that for equal strength the stiffness of a newly 
erected timber truss is only about one-quarter to one-half that 
of a steel truss of the same overall dimensions. In addition to 
this, the deflection due to the dead load increases with time, 
although that due to the live loads does not increase. A few 
months after erection it is found that the deflection due to the 
dead load is about double the initial deflection from the same 
cause. After a period of ten years or so this may have increased 
to from six to eight times the deflection of a steel truss of similar 
strength and dimensions. 

It is accepted that timber trusses should have a higher ratio of 
height to span than is general practice with steel trusses. A ratio 
of one to five is usually quite satisfactory. A camber that is 
greater than the calculated deflection is always allowed in de¬ 
signing timber trusses. A camber of i4 40 th of the span at mid¬ 
span has been found satisfactory under normal circumstances. 
In parallel-sided trusses and purlin trusses, there is a camber 
in the top cord to correspond with the camber in the bottom 
cord. 
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There are also patented trusses for large spans, using either 
or both steel and timber. 

In order to select a suitable type or truss for a given span 



under certain conditions, consideration must be given to the 
following: 

1. Loads to be carried, including live loads, dead loads and 
ceiling loads. 
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2. The span. 

3. Height of the truss and upward slope, which is largely 
dependent upon the roofing material to be used. 

It must then be decided of what material the truss is to be con¬ 
structed and if it is steel, whether the various members are to be 
riveted or welded together. Welded construction generally per¬ 
mits the use of more economical sections. 

The actual design of the truss may be carried out graphically 
or by calculations, the former being the most generally used 
method. The diagrams are set out accurately to scale, after which 
it is a simple matter to determine the stresses in the various 
members. 

Loads. It is necessary to calculate the loads to be supported by 
the truss before the diagrams can be drawn. The dead or struc¬ 
tural load comprises the weight of all the roofing materials in 
the area supported by the truss, such as roof covering, rafters, 
purlins and battens, the weight of the material comprising the 
truss, and the weight of the ceiling joists and ceiling lining. 
The live or imposed load is the wind load. It is usual to allow 
an average wind pressure per square foot normal to the roof 
slope for the wind load. Most authorities set down an average 
of 24 jDounds per square foot, acting against a vertical surface. 
This varies according to height above ground. 

Both dead load and live load are divided into sections and 
taken as acting at the various panel points or junctions of the 
members of the truss. So that the solution may be simplified, 
these two loads are resolved into a single force whatever method 
of design is used. When they are resolved graphically, it is 
merely necessary to set up a parallelogram, using the forces as 
two of the sides and drawing a diagonal to the figure. This is 
the resultant force. 

Triangle of Forces. The basic principle adopted for the design 
of a truss is known as the “triangle of forces”. This means that 
if three forces are acting at a point to maintain equilibrium the 
three forces can be represented by the three sides of a triangle. 
This principle is illustrated in Fig. 74, where there are three 
forces acting at the point O. The three forces are represented 
by XY, YZ and ZX, and as they are in equilibrium they can be 
represented by a triangle. In order to prove this, the line XY 
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is drawn parallel to the force XY and equal in magnitude to the 
force YZ. From the point Z, draw the line ZX parallel to and 
equal in magnitude to the force ZX. A line from the point Y 
to the point Z, parallel to the force YZ, will close the triangle 
and prove the contention that when three forces are acting in 
equilibrium they can be represented by a triangle. 

Thus if two of three forces acting in equilibrium are known, 
the magnitude of the third force can be found by application 
of the principle of the triangle of forces. Similarly, if the mag¬ 
nitude of one force and the direction only of the others are 
known, the magnitude of the remaining two forces can be 
found. 

Design of a Truss. The use of this principle in the design of a 
simple truss is shown in the frame and stress diagrams in Fig. 74. 
The truss is a simple triangle form, supported at the extreme 
ends of the base, with a force exerted at the apex. As the load 
is known, the reaction at each support can be ascertained. The 
reaction at each support will be half the force exerted at the 
apex. The frame diagram is drawn and lettered as in Fig. 
74. There are three points, usually termed “panel points” in the 
truss where groups of forces are acting. These points are at 
the apex and at each of the reactions. The group of forces about 
the left-hand reaction are OR, RT, and TO. Those about the 
right-hand reaction are OT, TS, and SO. Those about the apex 
are RS, ST, and TR. 

To make the stress diagram a point O is marked. From this 
the line OR is drawn parallel to and equal in magnitude to the 
left-hand reaction. From the point R the line RT is drawn 
parallel to the force RT, and from O the line TO is drawn 
parallel to the member TO. The lines RT and TO will inter¬ 
sect, thus fixing the point T. The length of each of these lines 
will represent the intensity of stress in each of these members. 

The resultant figure is the stress diagram for the first group 
of forces about the left-hand reaction. Arrowheads are placed 
on the lines representing the direction of the forces in the group. 
It is known that the force OR is vertically upwards, so the 
arrow is placed pointing up. The force RT is down, so the 
arrowhead is placed accordingly. The force TO is horizontal from 
left to right. When the stress diagram is marked, the arrowheads 
are also shown on the frame diagram. 

The stress diagram is completed by plotting the group of 



220 Australian Methods of Building Construction 

forces or stresses about the right-hand reaction. The line OT 
for the right-hand reaction is identical with the line TO for the 
left-hand reaction. From the point T the line TS is drawn 
parallel to the member TS in the frame diagram and from the 
point S the line SO is drawn parallel to and equal to the force 
SO in the frame diagram, thus closing the second triangle in 
the stress diagram. Arrowheads are then placed on the stress 
diagram and conveyed to the frame diagram as before. The 
forces about the apex are then traced on the stress diagram and 
arrowheads again placed. 

A study of the frame diagram shows that there are two arrow¬ 
heads in each member, one at each extremity. When the arrow¬ 
heads point to the joint the member is in compression. When 
they point away from the joint it is in tension. Thus the stress 
and frame diagrams can show the character of the stress as well 
as its intensity. It does not matter how complex the design of 
the truss is, the principle outlined in this simple application may 
be used. 

This example was, of course, concerned with dead load only, 
which is always accepted as acting vertically. The example illus¬ 
trated in Fig. 76 shows how the wind load as well as the dead 
load is accounted for. The wind load of 24 pounds per square 
foot, acting against a vertical surface, gives a pressure of 16 
pounds per square foot normal to a roof of 30-degree pitch. 
Wind is only taken on one side of a sloping truss. 

Fan Truss. At A in Fig. 76 is the frame diagram for a fan truss, 
with the wind load taken as acting on the left-hand side. When 
the diagram is set out to a suitable scale the parts or divisions 
are numbered as indicated. The panel points on the left-hand 
side are marked X, Y, C and Z. On each of these points is the 
dead load acting vertically, and the wind load acting in a direc¬ 
tion normal to the slope. These two forces are resolved into a 
single force by drawing a diagonal line through a parallelogram, 
as shown on the diagram. For the sake of clarity, the forces at 
the panel point C are lettered. The line BC is the wind force, 
drawn normal to the slope of the truss. The line AB, drawn 
vertically from the point B, represents the dead load to the same 
scale. These are the two sides of the parallelogram necessary to 
draw the diagonal and resolve the two forces. 

The next step is to set out the load line , RS, as at C, Fig. 76. 
This is done by marking a point R and drawing the line R2 




Fig. 76. Roof Diagrams. 
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parallel to and equal in magnitude to the force R2 in the frame 
diagram. The line 2-3 is added, then 3-4 and so on to 7S, each 
being parallel to and equal in magnitude to the corresponding 
force in the frame diagram. The points R, S are then joined by a 
straight line, the direction of which fixes the direction of the 
two reactions to the truss in the frame diagram at the points R 
and S. These reactions are then marked on the frame diagram. 

To complete the polar diagram a point to the left of the load 
line RS is selected and marked O. From O lines are drawn to 
each of the points down the line RS, making the lines OR, 0-2, 
and so on down to the line OS. 

The funicular polygon (B, Fig. 76) can then be drawn. A point 
E is marked on the left-hand reaction of the frame diagram at 
a convenient distance from the line RS, and a line parallel to 
OR on the polar diagram is drawn from E until it intersects the 
force line R2 of the frame diagram at L. From the point L the 
line LF on the funicular polygon is drawn parallel to the line 
02 in the polar diagram until it cuts the force line 2-3 at F. 
This procedure is continued, drawing lines parallel to those in 
the polar diagram until the point F is reached. The points EF 
are then joined and the funicular polygon is complete. 

From the point O on the polar diagram a line is then drawn 
parallel to the line EF on the funicular polygon until it cuts 
the load line RS at a point marked 1. This then gives the mag¬ 
nitude and direction of the two reactions of the truss, R1 being 
the left-hand reaction, and IS the right-hand reaction. 

The next step is to plot the stress diagram. The groups of forces 
at the various panel points are: 

At X: 1R, R2, 2-8, 8-1. 

At Y: 2-3, 3-9, 9-8, 8-2. 

At C: 3-4, 4-10, 10-14, 14-9, 9-3. 

At Z : 4-5, 5-11, 11-10, 10-4. 

At M: 5-6, 6-12, 12-15, 15-11, 11-5. 

At N: 6-7, 7-13, 13-12, 12-6. 

At P : 7-S, S-l, 1-13, 13-7. 

At T: 15-12, 12-13, 13-1, 1-15. 

At I : 14-10, 10-11, 11-15, 15-1, 1-14. 

At U: 8-9, 9-14, 14-1, 1-8. 

Each of these groups is taken separately and put together to 
form the stress diagram. 

In the case of the first group the line 1R is traced on the 
polar diagram, parallel to the reaction Rl. The line R2 is then 
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traced, identical with the line R2 in the polar diagram. From 
the point 2 the line 2-8 is then drawn parallel to the member 
2-8 in the frame diagram. From the point 8 a line parallel to the 
member 8-1 in the frame diagram is drawn back to the point 1 
in the stress diagram, thus closing the figure. Each of these lines 
then represents the intensity and direction of the stress in the 
members, on the forces acting on the truss about the first panel 
point, at X. Each group of forces is treated in the same way, 
each closing its own figure, until the complete stress diagram 
(C, Fig. 76) is evolved. 

A table is then prepared indicating the stress (by scaling the 
lines on the stress diagram) and the character (by following 
through the arrowheads from the stress diagram to the frame 
diagram as before) of each member. The various members are 
designed in the same way as columns (Chapter 10). As an ex¬ 
ample, it may be assumed that the fan truss is to be constructed 
of steel and that the member 2-8 has a compression stress of 
20,000 pounds. Two 4-incli by 4-inch by ^-inch angles, placed 
back to back, are assumed for the member. The properties of 
these angles are: 

I =3-61 inches for each angle 
A = 2*4 square inches for each angle 

Then r = = 1-23 

In the column formula f = 18,000 — ^80-^-^. 

Assuming that the length of the member 2-8, scaled from the frame 
diagram, is 7 feet 6 inches, then: 

an v QO 

f = 18,000 — — 9144 pounds. 

As W = f X A = 9114 X 2-4 = 21,945-6 pounds. 

As the two sections assumed would resist slightly more stress 
than the 20,000 pounds in the member, they would be used. 

In this example it has been assumed that the purlins are 
placed immediately over the panel points, which is usually the 
case when common rafters are used. When an intermediate purlin 
is fixed between the panel points, it is necessary to design the 
member between the panel points, taking into consideration 
the bending due to the load from the purlin, as well as the 
direct compression in the member arrived at on the stress 
diagram. 




224 Australian Methods of Building Construction 

The formula is the same for all the compression members in 
the truss, and the example may serve as typical. It is merely 
necessary to apply this formula to all the compression members 
in the same way. 

Timber Truss. This example has been selected to show the 
method for a steel truss. In the event of the truss, or some of 
the members of it, being in timber, the method described in 
'‘Beams and Columns” for a timber column would be followed. 


Rivets for Compression Members. The members of the steel 
truss may be either riveted or welded together. In the case of a 
riveted truss, the member 2-8 will be riveted to a gusset plate, 
to which the adjacent members will also be riveted. The number 
of rivets is decided in the same way as for a beam, by dividing 
the allowable stress by the stress value of the rivets. It may be 
assumed that f-inch diameter rivets will be used, and the gusset 
plate will be f inch thick. The stress value of the rivets in that 
case is 5250. Therefore the number of rivets will be: 

25,000 . 0 c . 

■ = 4*3, or say 5 rivets. 


Design of Tension Members. After the compression members have 
been designed, the tension members must then be calculated to 
complete the design of the truss. Here again a section must be 
assumed and then tested for its stress value. As an example, it 
may be assumed that the member 8-1 in the fan truss is made 
up of two angles, each inches by 2£ inches by f inch, placed 
back to back, with f-inch diameter rivets. 

The cross section area of the two angles is 2-38 square inches, 
but the area of one rivet hole in each angle must be deducted. 
Thus the net area of the two angles will be 2*38 — 0*875 X 0*25 
X 2 = 1*94 square inches. This area multiplied by the allow¬ 
able stress would be: T94 X 18,000 =: 34,920 pounds. This 
is in excess of what is required and theoretically may be reduced, 
but in practice it is difficult to fabricate a riveted truss with 
members of dimensions of less than 2| inches. 

The number of rivets required at the joint will be: 

15,000 0 - q 

- — 2*9, or, say, 3 rivets. 

KOKH - ' 


Connections. Typical connections in a riveted steel truss are 
shown in Fig. 77. It can readily be seen from the simplicity of 








Fig. 77. Steel Roof Trusses. 
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these that there is no difficulty in working out practical connec¬ 
tions, no matter how complicated the truss may be. The con¬ 
nection of the foot is shown at A. The top cord and lower cord 
are joined by means of a gusset plate, which is also joined to 
the bearing plate by two angles. The bearing plate is anchored 
to the wall. The correct position of the gauge lines for the rivets 
is shown on the diagram. The rivets securing the angles and 
the base plate must be countersunk on the soffit so that the 
bearing of the base plate will not be interfered with. A timber 
purlin is indicated. This is secured by means of a bolt to a short 
length of angle riveted to the top cord. Steel purlins are fre¬ 
quently used. 

A typical connection at the apex of a truss is shown at B, 
Fig. 77. Each member is riveted to a gusset plate as for the foot, 
and the number of rivets in each member must be calculated as 
described above. The position of the purlin at the top of each 
top cord is shown. These purlins may carry common rafters, 
which in turn carry battens to which the roofing material is 
fixed. It is more general, however, in the type of building in 
which this roof construction is used, to space the purlins closer 
together and fix the roofing material direct to them. This effects 
a considerable saving in material and labour, as well as making 
possible lighter members in the roof trusses by reason of the 
reduced dead load. 

A typical connection along the lower cord of a steel truss is 
shown at C, Fig. 77. As before, the various members are riveted 
to a gusset plate. 

Steel rods are sometimes used for the tension members of a 
steel truss, but as fabrication is simplified when sections of the 
same shape are used for both compression and tension members, 
this practice had been largely discontinued. Some building 
ordinances will not permit it. 

Prefabrication. Medium sized trusses that can be handled into 
position without undue trouble are completely prefabricated 
either in a shop or on the ground at the building site. Larger 
trusses are prefabricated in sections of a reasonable size for 
handling. These may be halves or even smaller sections. They 
are then hoisted in position and joined together with bright 
steel bolts, or riveted with a portable riveting machine. 





CHAPTER 13 


ROOF COVERING AND PLUMBING 

Various materials are available and are in common use for 
covering roofs. The factors affecting the choice of material are 
principally price, availability under local conditions, and the 
pitch of the roof. Temperature insulation value is sometimes a 
factor. Materials generally in use are: galvanized corrugated 
iron, corrugated asbestos cement, tiles, shingles, slates, asphalt, 
pliable bituminous materials, metals such as flat galvanized iron, 
zinc, copper, muntz metal, etc., and glass. 



Galvanized Corrugated Iron 

Galvanized corrugated iron is flat iron that has been passed 
through rollers, which have bent it into a number of waves 
or corrugations, thereby considerably increasing its strength. It 
is then galvanized, or coated with molten zinc or a flux of zinc 
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chloride in order to prevent oxidation. Its advantages as a roof 
covering are its comparative lightness, ease of handling and 
quick erection. It is obtainable in large sheets, and there is 
minimum risk of damage during transport. 

There are three standard rollings for corrugated iron (Fig. 
78). Ripple iron has 1-inch corrugations, is rolled in 26 and 28 



gauges, and is supplied in lengths of from 5 feet to 10 feet, with 
one foot variations. The medium, most used rolling has 3-inch 
corrugations, is rolled in gauges from 16 to 26 and in lengths 
of from 5 feet to 12 feet. The large rolling has 5-inch corruga¬ 
tions, is rolled in gauges from 14 to 20, and in lengths from 
5 feet to 12 feet. 

Galvanized corrugated iron is secured by roofing screws or 
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spring-head nails to battens secured to rafters, or purlins on 
principal rafters, spaced to fit in with the sizes of the sheets, with 
a maximum of 3 feet apart (Fig. 79). 

Lead washers are used in conjunction with screws or nails 
to secure a watertight finish. At least every third corrugation 
should be screwed or nailed. The side lap may be one, one and 
a half, or two corrugations, while the end lap is determined by 
the pitch, with a desirable minimum of 9 inches. The manufac¬ 
turers provide all the finishing sections necessary, including ridge 
capping, valley gutters, edge rolls, box and parapet gutters, 
wall and barge finishes. A wide range of ventilating ridges, especi¬ 
ally desirable in factory and foundry work, is also obtainable. 
As well as roofing, galvanized corrugated iron is also sometimes 
used as siding. 


Corrugated Asbestos Cement 

Corrugated asbestos cement is a roof covering that is made in 
sheets like corrugated iron, and has the additional advantages 
of providing a certain amount of temperature insulation and of 
resisting corrosion. It is, however, heavier than corrugated iron, 
necessitating slightly stronger roof timbers, is inclined to be 
brittle, and consequently is not so readily transported. All fin¬ 
ishing pieces such as straight or fluted ridging, flashing, gutter 
linings, barge and eaves fascias, roof ventilators and even down- 
pipes are available. 

Corrugated asbestos cement is made in two corrugations— 
deep, which is 5f inches, and standard, which is 3 inches (Fig. 
78). The former may be fixed with a side lap of either 2 inches 
of 7 inches, and the latter with a side lap of 3 inches. The end 
lap is determined by the pitch of the roof. Lengths are from 
4 feet to 10 feet, variations being of 6 inches. The fixing should 
only be done by experienced men. Methods of fixing to different 
types of purlins are shown in Fig. 80. 

Tiles 

Terra-cotta roofing tiles are the most popular roof covering in 
the larger towns and capital cities of Australia, except where 
transport costs are excessive. They are much heavier than either 
galvanized iron or asbestos cement, and not so suitable where 
roof water has to be used for drinking purposes, but are gener¬ 
ally accepted as being superior in appearance and have high 




Fig. 80. Asbestos Cement Roofing. 
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temperature insulation properties. Several patterns of terra¬ 
cotta tiles are available (Fig. 81). 

Marseilles Pattern Tile. This is the most generally used type. 
The tiles are shaped so that they interlock at the sides, while 
the tail of one locks over the head of that immediately beneath 
it. There are fixing lugs on the underside of the tiles, and these 
are secured to the roof battens by copper wire. When the pitch 
of the roof exceeds 45 degrees an additional wiring batten is 
needed. Marseilles pattern tiles vary in size according to the 
different makers, but an average is from 16 inches to 17 inches 
in length, by a width of from 9 inches to 10^ inches. 

In all exposed positions and on the weather sides of all build¬ 
ings, a waterproof building paper or sarking is desirable under 
all types of tile roof coverings. 

Shingle Tile. The standard tile is made with parallel edges and 
with a lip at the top for securing over the batten. There are 
also two holes for wiring or nailing near the top. The weathered 
shingle tile is similar, except that, as its name implies, its upper 
surface is weathered towards the bottom of the tile. Various 
manufacturers have their own standard sizes for shingle tiles, 
an average being 10| inches long by 6£ inches wide (Fig. 81). 

Mission Tiles. There are several types of mission tiles made, all 
similar to those used in the Mediterranean countries. They vary 
in size and shape. All are provided with holes for wiring or 
nailing. 

Shingles 

Wood shingles are rarely used for roofing now. They are excel¬ 
lent from the point of view of temperature insulation, but dan¬ 
gerous from the fire angle. Local shingles are split from forest 
oak, while imported shingles are American redwood. 

Slates 

Slates also are rarely used now, although good quality slate is quar¬ 
ried in South Australia. Ecclesiastical buildings and other special 
structures are occasionally roofed with slate, and it is certain 
that it will never entirely disappear from Australian building 
construction. 

Slates are cut into a number of standard sizes, each with its 





Fig. 81. Roof Tiles and Slates. 
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own particular name. The medium size, 20 inches by 10 inches, 
the “Countess”, is practically the only size now available in 
Australia. The other sizes range from “Small”, 10 inches by 6 
inches, to “Queen”, 36 inches by 24 inches. 

Slates are nailed to roof battens, there being two methods, head 
nailing and centre nailing (Fig. 81). Joints are staggered in each 
course to give a half-slate lap, while in both methods more than 
half the length of the slate is covered by the two courses above 
it. The lap is the amount the slate is covered by the course two 
above it, while the gauge is the length of the slate exposed. 

A disadvantage of slate roofs is that ridges and hips are invari¬ 
ably finished with some other material, such as galvanized iron, 
lead, copper, or terra-cotta, although a neat finish can be 
obtained by secret flashing and the use of mitred slates. This is 
a difficult job and is frequently tire source of trouble. 

Asphalt 

The term generally covers a number of natural and manufac¬ 
tured products, but in building construction it means mastic 
asphalt. This is compounded of pulverized natural asphalt rock, 
asphaltic cement and selected aggregates. These are mixed in 
proportions to produce a mass that is voidless and impermeable 
and has plastic properties. It is used on flat roofs of either board¬ 
ing or concrete, and is applied hot, in two layers on a base of felt 
previously laid down. There should be a minimum fall of 1£ 
inches in 10 feet in the base on which it is laid. 

While asphalt alone will make a satisfactory roof covering, 
it is a distinct advantage to cover it with some insulating material 
to resist the action of the summer sun. Several light insulating 
blocks are available, and these are usually laid on a cement grout 
over the asphalt (Fig. 82). 

Pliable Bituminous Roofing 

There are several reliable makes of this roofing available. The 
general basis of manufacture is rag felt impregnated with re¬ 
fined asphalts. It is made in rolls usually 36 inches wide, and 
in 1-, 2-, and 3-ply. Laid on a concrete or boarded base, the first 
layer is “spotted” with hot asphalt or asphaltic cement, so that 
it may move on the roof under atmospheric changes without 
damaging the material. The other layers are set on complete 
beds of hot asphalt. In some instances layers of increasing ply 
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Fig. 82. Bituminous Roof Coverings. 
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are used, but it is generally accepted that best results are obtained 
when all layers are of the same ply and consequently the same 
coefficient of expansion. Three layers of 2-ply usually make a 
satisfactory roof. When over a boarded roof, the first layer is 
sometimes fixed by clouts to avoid any possibility of asphalt 
leaking through. 

Like asphalt, this roofing material may be left exposed, but a 
covering to deflect the actinic rays of the sun is highly desirable. 
Gravel, laid in hot asphalt (Fig. 82) is generally used, but any 
of the insulating blocks are satisfactory. 

Metal Roof Coverings 

Galvanized iron is sometimes used for flat roofs of small area. 
Zinc is occasionally used for the same purpose, but is not to be 
recommended except in the purest country atmospheres as it is 
liable to corrosion. Lead is also to be avoided in acid atmospheres 
and in hot climates. The side joints of these flat metals are 
made over wood rolls nailed to the roof boarding at not more 
than 2 feet apart. End joints should be avoided. 

Copper and muntz metal offer roof coverings of sheet metal 
that retard corrosion and will last for generations. Near the sea 
they are of especial advantage. Copper sheets are made in all 
gauges up to 31 and are usually defined by the weight per square 
foot. A weight of 16 ounces per square foot is the lightest 
recommended. 

Glass 

Glass is used as a roofing material either by itself or in con¬ 
junction with other materials. Corrugated iron and corrugated 
asbestos cement sheets, complete with glazed skylights, are on 
the market. Glass tiles, similar in design and size to Marseilles 
pattern tiles, can also be obtained. Glass may also be used as a 
roofing material with either wood or metal glazing bars, or in 
conjunction with reinforced concrete as a flat skylight or lay- 
light (Fig. 83). Prefabricated skylight units are procurable. 

Wood glazing bars are rarely successful as they rapidly de¬ 
teriorate, and also the effect of exposure on the putty demands 
constant re-puttying. Puttyless glazing in patent steel glazing 
bars makes the best job, the glass being bedded on lead or as¬ 
bestos cord. 
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Glass Laylight. There are several patented systems of concrete 
and glass roofing, which is really a development from the pave¬ 
ment light. The carrying members are slender ribs of reinforced 
concrete, usually set out in a square pattern. Wired glass is set 
in metal shields with an elastic caulking compound. Spans of 
up to 8 feet are obtained without beams. The inner glass is 
secured to the soffit of the ribs and ensures the maximum light 
diffusion. Artificial lighting can be accommodated in the space 
between the two glasses if desired. 



PATENTED GLAZING BARS 



PATENTED LAYLIGHT 


Fig. 83. Glass Roofs. 


Colour 

The temperature insulating value of certain roofing materials 
has been mentioned. Colour plays an important part in this 
regard, as dark colours absorb heat and light colours reflect it. 
Thus, a roof of blue- or green-coloured terra-cotta tiles ensures 
a cooler house than does a red or brown tiled roof. Painting a 
galvanized iron roof red makes the rooms below hotter than 
they would be were the iron left unpainted, but a green roofing 
paint has the opposite effect. White-painted galvanized iron roofs 
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have so far proved the most successful under exacting tropical 
conditions. 


WEIGHTS OF VARIOUS ROOF COVERINGS 


Material 

Weight per 
square pound* 

Galvanized corrugated iron— 


24 gauge, single lap 

140 

24 gauge, lap-and-a-half 

146 

24 gauge, double lap 

165 

26 gauge, single lap 

102 

26 gauge, lap-and-a-half 

112 

26 gauge, double lap 

118 

Asbestos cement— 


Deep, 2-inch side lap 

316- 320 

Deep, 7-inch side lap 

360- 370 

Standard 

280- 300 

Marseilles pattern tile 

950-1010 

Shingle tile, standard 

1260 

Shingle tile,weathered 

1400 

Small mission tile 

1512 

Large mission tile 

1188 

Cordova mission tile 

1300 

Straight barrel mission tile 

1375 

Redwood shingles 

150 

Forest oak shingles 

450 

Slates 

580- 600 

Pliable bituminous roofing— 


3 layers 1-ply 

89 

3 layers 2-ply 

118 

3 layers 3-ply 

145 


# 100 square feet. 


Roof Plumbing 

Roof plumbing consists of making watertight all joints between 
the roof covering and the roof abutments, such as parapet walls, 
chimneys, vents, etc., and in providing and fixing the means of 
carrying away the rain water that has fallen on the roof area. 

Flashing. Flashing usually consisting of lead is used against the 
roof abutments, the weight required by the Local Government 
Act generally being 3 pounds. Where roofs are covered with 
galvanized iron, the same material is frequently used for the 
flashing, and is quite satisfactory when it is running with the 
corrugations. 

Step Flashing . When the sloping part of the roof is to be 
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flashed against a side parapet or similar abutment, step flashing 
is necessary. This is done with lengths of flashing cut to the 
pitch of the roof on one end. They are inserted at least 1 inch 
into the joints of the brickwork above the roof line and held 
in place there with lead plugs. The flashing comes down the 
parapet or abutment in steps equivalent to the courses of brick¬ 
work and is given a lap of at least 3 inches. When the roof 
covering is a pliable material it can be turned up under the 



flashing, but in other cases a continuous lead soaker is used. 
This is turned well up under the flashing and out across the 
roof covering, to which it is dressed down (Fig. 84). In the case 
of a weatherboard abutment or a dormer in timber, the soaker 
is secured up under the weatherboards and step flashing is then 
not necessary. 

Raking Flashing. To avoid the use of a great deal of material 
by step flashing in masonry when the courses are deep, raking 
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flashing is occasionally used. This is really an apron flashing 
fixed at the same pitch as the roof and secured by means of 
lead plugs into a groove, or raglet, cut into the masonry. 

Apron Flashing. Used in box and parapet gutters as well as 
against abutments, this is a horizontal flashing similar in every 
other respect to a step flashing (Fig. 84). 

Gutters. Gutters to collect the roof water at the foot of slopes 
and convey it to the downpipes, may be roughly divided into 
two classes—eaves gutters and box gutters. 

Eaves Gutters. Eaves gutters are the simplest and the least 
cause of trouble, as the eaves project beyond the outer walls and 
any overflow or failure is not likely to effect the interior of the 
building. There are several stock eaves gutters (Fig. 85), which 
are generally of 24-gauge galvanized iron and supplied in 6-feet 
lengths. These lengths are lapped, riveted and soldered to¬ 
gether and are supported by galvanized iron brackets secured 
at close intervals to the fascia or to the feet of the rafters. There 
are several types of brackets on the market, but those with tails 
are to be recommended. Care is taken in fixing the gutters to 
ensure that there is sufficient fall to the downpipes. 

For the concealed or secret gutter used in the more modern 
type of design there are also several stock types available (Fig. 
85). These are laid in a small boxing formed in behind the 
fascia, or, in the case of the third type shown, 12 inches or more 
up the roof. 

Box Gutters. The formation of various types of box and para¬ 
pet gutters is described in the chapter on “Carpentry”. On the 
boarding prepared by the carpenter, a box or lining is secured. 
Galvanized iron of 24-gauge is frequently used for this work, but 
in the case of asbestos cement-covered roofs, gutter linings of this 
material are recommended. Manufacturers of both products 
make a range of box gutter linings. Ample fall to permit a 
quick getaway is required in box gutters, and galvanized iron 
or asbestos cement-lined boxes or sumps are sunk in the gutter 
opposite the downpipes. The outlet is from the side of the sump. 

Downpipes. These may be either circular or rectangular in 
section and their positions should be carefully worked out. A 
good general rule is to provide 1 square inch of downpipe area 
to every 75 square feet of roof area, and wherever possible to 
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Fig. 85. Gutter Details. 
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avoid turns or angles in the gutter between downpipes. In the 
case of secret gutters, downpipes should be placed at more fre¬ 
quent intervals than with other types, as it is more difficult to 
obtain a fall in the gutter. The downpipe is secured to a thimble 
in the gutter by a swan-neck bend in the case of a round down- 
pipe, or an elbow in the case of a rectangular gutter (Fig. 85). 
1 he elbow is concealed within the boxing of the eaves when a 
secret gutter is used and a neater appearance results. Downpipes 
should be blocked out 1 inch or more from the wall to reduce 
corrosion and to permit of painting. They are secured to the 
wall by either spike hooks or by straps of 16-gauge galvanized 
iron. An elbow at the foot of the downpipe turns the water into 
the gulley connected with the rain-water drains. 

In the case of box gutters, the water does not go directly into 
the downpipe, but first into a rain-water head (Fig. 85). These 
are made in stock patterns, and sometimes are specially designed 
to be in keeping with the architectural style of the building. 
The rain-water head is fitted with a screen of fine mesh wire 
netting to prevent it from being blocked with rubbish. There is 
an overflow spout on the front. Galvanized iron, copper, or 
asbestos cement are usually the materials used for rain-water 
heads. 

Valley gutters , used to carry away the water that drains into 
the valley caused by the intersection of two sloping surfaces 
of a roof, are also of stock pattern and may be of galvanized 
iron, copper, or asbestos cement. They are fixed on boarding 
and should be of ample width (Fig. 85). 








CHAPTER 14 

HOUSE DRAINAGE AND PLUMBING 
Water Supply 

In the capital cities of Australia and in her major towns 
water is available from street mains, to which it is conveyed 
from catchment areas after purification treatments. Street mains 
are usually constructed with long lengths of cast iron or as¬ 
bestos-cement pipe. Where town supplies are not available, the 
roof of the building is invariably used as the catchment area and 
the water run off by means of gutters and downpipes into 
tanks, either above or below the ground. The former are the 
more usual and are placed so that there will be the minimum 
of pipe run from the tank to the outlets. Underground tanks 
are better, for the water is kept at a more constant temperature. 
The water is pumped from the underground tank to a small 
elevated tank, from which it is fed under pressure to the various 
outlets. When the tank is above ground it is kept as close up 
to the eaves as possible in order that there shall be a minimum 
of water in the tank below the level of the outlets at the various 
fittings. The amount of storage necessary can be calculated by 
taking into account the size of the household, the area of roof 
or catchment and the average rainfall of the particular district. 
A minimum of 12 gallons per person per day should be allowed. 
This does not allow for a water closet, as most authorities will 
not permit the installation of a water closet unless some more 
permanent source of water is used. When a water closet is 
installed an additional 5 gallons of water per person per day 
are required. 

The gross amounts of water supplied per head for all pur¬ 
poses in the capital cities of the world vary from London (38 
gallons), Melbourne (55), Sydney (65), to New York (120) and 
Chicago (247). 
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Water Service 

The regulations of the control authorities require that the pipe 
from the street main to the building line is of copper, while 
some permit bitumen-lined galvanized iron as an alternative. 
It is claimed that the lining in this type of pipe does not 
diminish the flow, as the smoother surface and reduced friction 
compensates for the reduction in bore. It is important to see, 
however, that the bitumen lining is not squeezed up to form 
an obstruction at the joints. 

Main Cock. A main cock is inserted into the street main by 
means of a special device which permits this to be done with¬ 
out necessitating turning off the supply. This main cock is 
required to be a high-pressure, loose-valve, screw-down type 
(Fig. 86). Where permitted, the street is opened up, and the new 
line of pipe laid from the main to the boundary of the premises. 
Where the opening up of the street is not permitted—usually 
where the roadway is of concrete—a pipe-forcing appliance must 
be used to drive the pipe through the earth to the main. 

Where a pipe of greater diameter than 1 inch is required 
from a main in which 1-inch drillings only are permitted, two 
or more drillings are made at intervals of 12 inches and a 
breeching piece used. 

Meter. The water meter is placed just within the boundary 
line and is a device which measures the amount of water that 
passes through it. There are two types —absolute and inferential . 
The former is perfectly accurate, but large and costly. The latter 
is reasonably correct and by reason of its small cost and size, is 
almost always used. A stop-cock on the main side of the meter 
controls the whole service to the building. 

Fittings. The pipe from the meter to the house is usually of 
galvanized iron, but may be of bitumen-lined galvanized iron 
or copper. The last named is practically everlasting, but on 
account of the much higher initial cost is not generally fav¬ 
oured. The diameter of this pipe is determined by the demand 
calculated on the service to be provided and the number of 
people to be served. An average of 25 gallons per person per 
day may be taken under city and town conditions. The branches 
from this main pipe to the various fittings may be reduced in 
diameter and, as before, may be of galvanized iron, bitumen- 
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lined galvanized iron or copper. As practically all the pipe work 
within the building is now built into chases and recesses in the 
walls it is a great advantage to use copper pipe whenever this is 
economically possible. If pipe ducts are planned into the build¬ 
ing, galvanized iron pipes may be used without the fear of 
future troubles. 

As a general rule for ordinary small and medium sized 
residences, the pipe from the meter to the house may be 1 inch 
or f inch in diameter, the branch to the water closet f inch, and 
to all other fittings i inch. This must not be accepted as an 
arbitrary rule. 

Pipes are joined into a continuous line by screwed and socket 
joints, made watertight with hemp and paint applied to the 
joints during assembly. Changes of direction are made by using 
elbows or bends, the latter being preferred owing to the mini¬ 
mum loss of pressure, but the former being general practice. 

Cocks. The branch pipes to the various fittings within the build¬ 
ing terminate in cocks appropriate to the particular fitting, such 
as a bib cock, shower cock and pillar cock (Fig. 86). A special 
hose cock, with a thread to take the hose connection, is used 
for outside standpipes. Various shapes and designs are put up 
by different manufacturers, but all must be approved by the 
control authorities. Water supply pipes to cisterns and tanks 
of every description must be fitted with a stop cock, placed just 
before the pipe enters the cistern, so that the supply can be 
turned off in the event of failure of the ball valve. 

Service from Tank. The service from the tank to the fittings 
may be installed in the same manner as from the meter in the 
case of a town water supply, except that a low pressure or plug 
cock (Fig. 86) may be used. 

Flushing Cisterns. These are used in connection with a water- 
closet pan and housemaid’s or bedroom slop-sink and should be 
placed at least 5 feet above the fitting to be flushed, to ensure 
a sufficient head of water. The cistern may be of porcelain, fire¬ 
clay, cement or metal, and may operate on the same principle 
as the ordinary siphon, by a valve, or by a combination of the 
two. A typical cistern (Fig. 87) is fitted with a ball cock with 
glass ball to ensure that the water is maintained at a certain 
level, and the cistern refilled when the water is drawn from it. 
The trap over the outlet is lifted momentarily by the pulling of 
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the chain and a small volume of water is allowed through into 
the flush pipe before the valve falls back on to its seat. The 
water in the flush pipe falls, creating a vacuum. This causes the 
siphon to operate and draw off the remainder of the water in 
the cistern. The amount of the flush is from 2 to 2| gallons. 

Low-down Cistern. Used in conjunction with a siphonic type 
pan and known as a low-down suite, this is a more modern type 
of fitting. It discharges a 2^-gallon flush through a 2-inch 
diameter pipe. 

Siphonic Suite Cistern. This is used in conjunction with a 
siphonic pan to form a suite, similar to the low-down suite (Fig. 
87). The flush is a little larger, 3 gallons being used, and the 
cistern is more complicated than that for an ordinary wash¬ 
down pan. It is activated by a knob or handle on the outside 
of the cistern, which lifts the valve. The flush occurs and the valve 
is held up until the float of the ball valve falls sufficiently for 
the arm to press on a tripper arm, which permits the valve to 
drop back on to its seat. While the cistern is refilling, a small 
diameter by-pass pipe from the ball valve conveys water into the 
trap of the pan to replace that siphoned out with the flush. 

Flush Valve. This is an alternative to a cistern and has the 
advantages of better appearance and the elimination of the 
noise associated with the refilling cistern. Its use is generally 
limited to large installations, however, although it is equally 
satisfactory in a residential type building. A small handle oper¬ 
ates the valve, which is adjusted to allow a predetermined volume 
of water to pass through. The valve is fed from a storage tank 
and a head of 10 feet of water is the absolute minimum. A stop 
cock is usually incorporated in the flush valve fitting (Fig. 86). 

Hot Water Supply 

There are several systems of hot water supply, depending on 
various fuels—coke, oil, gas and electricity, the availability and 
price of which must influence the choice in many parts of 
the Commonwealth. As other factors are also involved, every 
installation must be considered on its particular merits. 

Cylinder System. Perhaps the most used system for a medium to 
large installation is the cylinder system. In this a coke-, oil- or 
gas-fired boiler is located at the lowest part of the system, with 
a storage cylinder immediately above it. This is fed with cold 
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water from a tank placed at a higher level than any outlet, the 
cold water entering the bottom of the cylinder. The primary 
flow is taken from the top of the boiler to the top of the 
cylinder, from the highest point of which is taken the secondary 
flow. Draw-off branches are taken to fittings from this. At its 
highest point, the expansion pipe is taken off, this pipe finishing 
with a goose-neck above the level of the cold water supply tank. 
From the point where the expansion pipe leaves the secondary 
flow, the secondary return is taken back to the cylinder, serving 
draw-off branches on the way. A primary return from the 
bottom of the cylinder to the bottom of the boiler completes 
the circuit. 

Storage Tank Systems. Electrically heated storage tanks, placed 
in the roof space and feeding by gravity to the fittings, are 
reheated at “off-peak” periods, when the rates for electric power 
are lower than normal. Thermostats control the power, which 
is consumed at a slow rate and cut off when the desired tempera¬ 
ture has been reached. The cold water comes in at the bottom 
of the tank and the hot water is drawn off from the top so there 
is no appreciable mixing. According to the capacity of the tank, 
there is a definite limit to the amount of hot water that may 
be drawn off before the next off-peak heating period. 

Semi-storage System. A gas-burning system consists of an insu¬ 
lated storage cylinder which is refilled as the hot water is 
drawn off, thus combining the advantages of the storage and 
instantaneous systems. The hot water is drawn off from the top 
of the cylinder, the cold water enters from the bottom. With a 
temperature rise of 80 degrees Fahrenheit, a 15-gallon cylinder 
will recover 17*4 gallons per hour, a 25-gallon cylinder 2T7 
gallons, and a 35-gallon cylinder 32-2 gallons. The temperature 
is automatically controlled. 

Instantaneous Systems. There are both gas and electric instan¬ 
taneous systems, for both single and multiple outlets, and both 
are highly efficient. As they are obviously dependent on rapid 
heating, running costs are in excess of storage and semi-storage 
systems. 

Installation. Copper pipes are used exclusively to carry hot 
water. The efficiency of the installation depends to a great extent 
on the planning of the pipe layout and the relation of the 
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various components. The proper insulation of pipes against heat 
loss also has a big bearing on the final efficiency. 

Sewage Systems 

In most towns and all cities the sewage, which comprises the 
soil and wastes from any building, is disposed of by means of 
what is known as the water-carriage system. In unsewered towns 
and outlying districts, either cesspits, earth closets, septic tanks 
or chemical closets are used. Water carriage and septic tank 
systems are dependent on an abundant supply of water. 

Water-carriage System. In this system the sewage is conveyed 
from the various fittings within the house or building through 
drains to reticulating sewers, and from there to main sewers. 
The sewage is finally disposed of by means of large septic tanks, 
by discharging into a river or the open sea, by contact beds, or 
by broad irrigation. In a few cases it is dehydrated, bagged and 
marketed as a fertilizer. 

The main sewers are usually constructed of brickwork or 
reinforced concrete, a circular section being standard up to 24 
inches in diameter, and an egg-shaped section for larger sewers. 
Reticulating sewers are constructed with glazed earthenware 
pipes, as also is the drainage system from the house to the reticu¬ 
lating sewers. 

Earthenware sewer pipes are glazed both inside and out and 
are made in several diameters. In some cities, including Can¬ 
berra, Newcastle and Melbourne, 4-inch diameter pipes may be 
used both for sullage (waste from baths, sinks, basins and 
similar fittings) and sewage (waste from water-closets and other 
fittings when it contains excremental discharges). In other cities, 
including Sydney, 4-inch diameter pipes may be used for sullage 
only, while 6-inch pipes are the minimum for sewage. This 
means that if the water-closet is the farthest fitting from the 
boundary, the entire drainage system must be in 6-inch diameter 
pipes. 

Earthenware pipes are constructed so that they may be readily 
jointed together, each pipe comprising a straight length with a 
collar at one end. The plain end is the spigot end; the collar 
end is the socket end. The spigot end is fitted into the socket 
end and the joint made watertight with cement mortar. 

As well as these straight lengths, earthenware pipes are made 
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in various shapes, such as bends, slope junctions, inspection 
pipes, traps, etc. (Fig. 88) all of which are necessary when con¬ 
structing a house drainage system. 

While earthenware pipes are the most satisfactory for all gen¬ 
eral installations, cement pipes may be used provided that acid 
wastes are not discharged into the pipes, that concentrations of 
sulphuretted hydrogen gases are avoided and that the ground 
does not contain ground water impregnated with carbon dioxide 
or sulphuretted hydrogen. In places where there are transport 
difficulties, cement pipes may be an advantage in that they 
may be cast on the site. 

Grade for Pipes . The pipes of the house drainage system must 
be laid on an even grade for the entire length of the system. A 
grade or fall known as a self-cleansing grade has been deter¬ 
mined after considerable experiment and this is set down as 1 
in 40 for a 4-inch line, 1 in 60 for a 6-inch line and 1 in 90 
for a 9-inch line. This grade is taken as the minimum permissible 
by the Metropolitan Water, Sewerage and Drainage Board, 
Sydney. A 12-inch cover of soil is the minimum permitted. 

A Typical System. Before a sewerage system can be constructed, 
application must be made to the local authority, who prepares 
a layout plan, usually to a small scale, such as 40 feet to 1 inch. 
A typical layout plan is shown in Fig. 89, and this indicates the 
drainage layout for a cottage on a block of land facing a street 
in which is a reticulating sewer. 

The procedure in this particular instance is: 

First, the reticulating sewer is tapped to allow a 6-inch 
earthenware pipe to be fixed into it. From this pipe a 6-inch 
line is taken to a point just within the boundary, where a 
boundary trap is fixed (Fig. 89). This is a P-type trap, the 
design of which varies with different authorities. The object 
of this trap, which has a water seal, is to prevent the gases from 
the reticulating sewer entering the house drainage system. A 
6-inch pipe or line of pipes, according to the depth below the 
ground level, rises from the boundary trap to the ground, where 
there is an inspection box, for use in the event of a chokage. 
From a point about 2 feet below the inspection box, a line of 
4-inch earthenware pipes is taken to a point adjacent to the trap 
on the boundary fence. This line terminates with an induct vent, 
usually in the form of a mica flap, about 12 inches above the 
ground, into a square bend. At the other end of the line is an 




Fig. 88. Connections to Mains and Earthenware Pipes. 
































































































Fig. 89. House Drainage Plan. 
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educt cowl, the object of these two fittings being to ensure a 
permanent movement of fresh air through the drains. While 
this is achieved, the direction of flow tends to vary under certain 
weather and temperature conditions. 

The house drainage line joins the rising line from the bound¬ 
ary trap at a point above the trap and below the line to the 
induct vent, in a square junction. At points along the line from 
the building, inspection pipes are fixed, the maximum distance 
between these being 20 feet. A slope junction takes the line 
from the W.C. fitting within the cottage, this line turning up 
with a square bend immediately under the fitting. Whei'e a 
6-inch line is required from the W.C., a reducing bend is used. 

Sloped junctions are used to receive the lines from the other 
fittings within the cottage, but on each of these short lines a 
gulley trap is fixed, the water seal of which prevents gases escap¬ 
ing from the system into the cottage through the fittings. In the 
case of waste from kitchen sinks, this must pass through a grease 
trap before reaching the main line. The grease trap is fitted 
with baffle plates which retard the passage of the waste through 
the trap, bringing it into contact with the maximum amount 
of cold water in order to solidify grease and fats. Periodic clean¬ 
ing of grease traps is obviously necessary. 

At the angle of the building in the example shown, a bend is 
placed to change the direction of the line. From a slope junction 
just beyond this bend, a 4-inch line extends to the wall of the 
cottage, where it is finished with a bend and rising pipes to 
receive the educt vent pipe. This vent is usually constructed of 
galvanized iron and is continued to a point 6 feet above the line 
of the eaves, where it terminates with an educt cowl. 

At all changes of direction, slope junctions and gulley traps, 
inspection pipes are fixed. The system should be planned out¬ 
side the building, as on the example given, but when a line 
passing under the building cannot be avoided it must be cased 
in concrete of a minimum thickness of 6 inches. In very poor 
ground where there is a danger of all or part of the line sub¬ 
siding, the pipes should be laid on a concrete bed of sufficient 
width to eliminate the risk. 

Tests . The authorities require a drainage system to be tested 
before being put into use, the test usually adopted being known 
as the hydraulic test. It is applied before the trenches are filled 
in, and consists of blocking the line near the boundary trap and 
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at all inlets except one, and then filling the system with water 
to a given level. Any fall in the level of the water indicates a 
leakage, which must be located and made good. 

A smoke test is usually applied to test existing systems, or to 
locate suspected leaks in them. 

Septic Tank. If there is no water-carriage system available, but 
there is an abundance of water, either from a town supply or 
some other permanent source such as a spring, a septic tank offers 
the most satisfactory system of sewage disposal. The house drain¬ 
age system as described for the water-carriage system applies in 
every detail for a septic tank installation, except that the tank 
would take the place of the boundary trap. It may be placed at 
any suitable point at a minimum distance from the cottage of 
20 feet. 

Installation and construction of a septic tank is rigidly con¬ 
trolled. Before the work is started the approval of the Board of 
Health, as well as that of the local municipal or shire council, 
must be obtained. Drawings and specifications in triplicate must 
be submitted to the local authority, who will forward one copy 
on to the Board of Health. Except in contentious cases, the 
latter body is guided by the recommendations of the local 
authority. Applications will not be granted unless the design of 
the septic tank is satisfactory, a permanent water supply is 
assured, and the ground is of sufficient absorbency, or some other 
method of final disposal of the effluent is arranged. 

Principle of Septic Tank. A typical septic tank (Fig. 90) com¬ 
prises three chambers—the liquefying chamber, screening cham¬ 
ber, and filter bed. The principle is that the sewage remains in 
the tank for a sufficient period for bacteria to work and finally 
reduce it to a clear effluent. Anaerobic bacteria first liquefy the 
solid organic matter, after which it is nitrified by aerobic bacteria. 

Construction. The dimensions of the three chambers of a 
septic tank are set down by regulations and are determined by 
calculations taking into consideration the number of persons in 
the household. Twenty-four hours is considered the period 
necessary for the work of the anaerobic bacteria, and the lique¬ 
fying chamber is designed to hold the waste for this period. 
An allowance of twenty gallons per person per day is required 
when all wastes are connected to the tank, so the liquefying 
chamber must have a capacity of one day's complete wastes. 
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The screening chamber is made of the same width as the lique¬ 
fying chamber, with, as a rule, a length of 9 inches. The mini¬ 
mum depth is 2 feet 9 inches below the invert of the pipe line. 

The filter bed must have at least one square yard of surface 
area for every 200 gallons of sewage to be treated, and the depth 
of the filtering media must not be less than 4 feet 6 inches. The 
filter bed is ventilated by at least two 6-inch vents projecting 
above the top of the tank, or by terra-cotta air bricks built into 
the outer skin of the end wall when the fall in the ground is 
sufficient. Troughs, fixed perfectly level, provide even distribu¬ 
tion over the filter bed. Blue metal is the usual filtering media. 
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Fig. 90. Septic Tank. 


The external walls of the tank are 9-inches thick brickwork, 
or reinforced concrete, rendered on the inside with cement 
mortar, preferably waterproofed. The floors of the chambers 
are of concrete, and a reinforced concrete slab covers the tank. 
Three manholes are provided in the covering slab. 

It is important that disinfectants, deodorants and rain-water 
should not enter a septic tank, as these interfere with the work¬ 
ing of the bacteria. 
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Final Disposal . The effluent from the filter beds is taken from 
the bottom of the tank through a 4-inch line of earthenware 
pipes to a point of disposal. If the surrounding ground is absor¬ 
bent and under cultivation, irrigation is a suitable and useful 
method of disposal, but most authorities usually require the 
construction of absorption trenches. These are approximately 
2 feet wide by 2 feet deep and the length is determined by the 
amount of effluent and the porous quality of the ground. The 
construction of absorption trenches is described in the chapter 
on “Foundations”. 

When the ground is not absorbent, it becomes necessary to 
discharge the effluent into an impervious well, which must be 
designed to hold at least 48 hours’ effluent. It must be pumped 
or drawn off from the well and disposed of elsewhere. This 
system is usually necessary in the case of hotels and other build¬ 
ings with a large number of inmates but a small area of land. 

Chemical Closet. This offers another means of disposing of the 
sewage. There are various makes available, but the principle 
in all is the same. Usually the fitting consists of a fairly large 
tank fixed directly under the closet and filled with a liquid 
charged with caustic soda. The liquid acts upon the sewage and 
reduces it to almost a clear effluent. The agitator, usually in the 
form of propeller blades, which is operated by the lifting of the 
lid over the seat, is an important part of the fitting. The final 
disposal of the effluent is the same as for a septic tank. Approval 
for the installation of a chemical closet must be obtained from 
the local authorities and the Board of Health. 

W.C. Fittings. The most used water-closet fitting is probably 
still the wash-down pedestal pan, installed in conjunction with 
an overhead cistern. The pan is designed with a permanent 
water seal of at least 1£ inches, to prevent gases from the drain¬ 
age system entering the cottage through the pan. The top of the 
pan is constructed with a lip, which is connected at the back 
with the flush pipe from the cistern. The pan is fitted with an 
S-trap (Fig. 87) if the line is to go down through the floor, or 
a P-trap if it is to go straight out through the wall. A flange on 
the top of the trap takes the back vent, which is a small diameter 
galvanized iron pipe that passes through the wall and up its 
external face for a distance of about 4 feet, to finish with an 
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educt cowl, or pin-head. The back vent ensures that the water 
seal remains in position. 

A special siphonic pan (Fig. 87) is used with the low-down 
suite and siphonic cistern, which is a more modern arrangement 
than the wash-down pan. Depending on siphonage instead of 
the flush of water for its action and effective cleaning, this pan 
has a large water area, is silent in action and has a quick dis¬ 
charge. 


Other Household Fittings and Arrangements 

Sinks. Various types of kitchen sinks are available and are now 
usually incorporated in the built-in fittings of the kitchen. The 
waste from kitchen sinks is drawn off through H-inch or 2-inch 
outlets, which discharge into a brass or gun metal S-trap, fitted 
with a cleaning eye. Occasionally a P-trap is used. The waste 
is taken from the trap in a galvanized wrought iron pipe to the 
4-inch earthenware pipe under the floor. 

Basins. As with sinks, there are many types of basins available, 
to be carried on brackets or their own pedestal, to fit into angles, 
against walls, or to stand free, and of earthenware, enamelled 
fireclay, or porcelain enamel on an iron base. The waste is trapped 
and taken to the drainage system as for a sink. Basins are fitted 
with overflows which discharge into the waste immediately below 
the plug. 

Baths. Baths may also be of enamelled cast iron, or glazed fire¬ 
clay, and in a variety of shapes and patterns. The rolled edge 
bath is still much used, although the flanged type is much to 
be preferred. This is built in, being fitted against the wall or 
walls, with wall covering overlapping the flange, and brick, 
terra-cotta or frame dwarf walls from the floor to the flange on 
the free side or sides and end or ends. Vents in the dwarf walls 
provide a free movement of air and prevent condensation in 
the enclosed space. The waste is trapped and taken to the 
earthenware drains. 

Upper-floor Plumbing. When the fittings are located on an 
upper floor or floors the wastes discharge into soil pipes, which 
in turn discharge into the earthenware drains at ground level. 
There is no need for a trap at the foot of a soil pipe. 

In some cities sewage and sullage may be brought from an 
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upper floor or floors to the earthenware pipes in one stack, in 
other cities they must be kept separate. As the one-pipe system 
means a more rapid removal of wastes and a more effective 
flushing of the stack, it is likely to become universal. 

In smaller buildings, such as two-storey residences, the soil 
pipe is usually on the outside face of the wall. It is better, 
however, if this can be accommodated in a duct within the 
building. When the soil pipe is on the outside, W.C’s and other 
fittings have P-traps, so that the waste is taken straight out 
through the wall. The soil pipe, in galvanized iron above the 
highest inlet, is carried up to a point 6 feet above the eaves, to 
finish in an educt vent cowl. The small back vent from the trap 
at the back of the pan must be carried through the wall and 
up its face, but may be turned back into the soil pipe vent, 3 
feet above the fitting. 





CHAPTER 15 

ELECTRICAL INSTALLATION 

Electrical installations in buildings can be carried out only 
by licensed electricians. Their work must comply with the rules 
and regulations of the supply authorities. There are many 
different supply authorities in the various parts of Australia, and 
until quite recently each had its own set of rules. Now, however, 
most authorities have either adopted the Wiring Rules of the 
Standards Association of Australia, or incorporated these within 
their own. The charges for electrical supply also vary with the 
different authorities, some giving special low rates for certain 
appliances and for certain machinery in industrial installations. 
Before an installation is commenced, it is as well to consult the 
supply authority on this point, as the use of separate switches 
and controls for each portion of the installation may be neces¬ 
sary in order to participate in concessions. 

Mains 

The supply of electricity to a building is usually from mains 
located in the street. These supply mains may be overhead or 
underground. When the building is reasonably close to the 
building line, the authority supplies the line from the main to 
the building. In the case of an overhead supply main, this is 
known as the service line. It is carried to the consumer's ter¬ 
minals at what is termed the “point of attachment", from which 
point the consumer's mains commence. When the supply main 
is underground, as is usual in cities, a service cable is taken 
underground from the supply main to a service terminal box 
within the building and then to the consumer's terminals (Fig. 
91). In some instances it is desirable to eliminate overhead 
wires in the grounds of a building when the service is from an 
overhead supply main. The service line in such a case is taken 
to a post within the building line, from which point the con¬ 
sumer's mains commence and are taken underground to the 
building. 


s 
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Meters. The service is metered immediately on entering the 
premises. Meters are usually mounted on the main switchboard, 
the location of which must be approved by the authority. 

Switchboards 

Main Switchboards. The main switchboard must be housed in 
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a dry situation and be readily accessible. It is important that the 
wiring at the back of the board shall be accessible as well as the 
switches, fuses, etc., on the front. A hinged panel is frequently 
used for this reason. In the case of a large installation in a 
commercial building, a separate switch room is provided and 
the board or boards are mounted free standing, with ample 
working space all around them. This room must be well ven¬ 
tilated and fireproof. The S.A.A. rules give minimum clearances 
for various sized switchboards. 



Distribution Boards. In the case of a simple installation (Fig. 
91), in which the whole supply brought in through the con¬ 
sumer’s mains goes to the one consumer, one or more sub-mains 
are taken from the main switchboard to distribution boards. The 
latter are placed at each floor level or other similar divisions of 
a building or plant. The sub-circuits are then taken from the 
distribution boards, while sub-circuits from the main switchboard 
supply the section immediately adjacent to the board. 

Multiple Installation. In flat buildings, office buildings and 
others where more than one consumer is supplied from the 
consumer’s mains, a multiple installation is necessary (Fig. 91). 
Sub-installation mains are taken from the main switchboard to 
sub-installation switchboards, one for each sub-installation. 
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From these, sub-mains to distribution boards and sub-circuits 
are run out as in a simple installation. 

Control. Every electrical installation or service must be con¬ 
trolled by a main switch and fuses, or by a circuit breaker. In 
the case of the first method, the switch and fuses must be 
mounted in a position near the entrance of the building. A cir¬ 
cuit breaker may be installed in the main switch-room provided 
there is a push-button near the entrance to the building by 
which it can be operated. The minimum capacity permitted for 
a main switch is 10 amperes, and for a circuit breaker 6 amperes. 
In the case of a large installation, the authority usually con¬ 
siders this rule complied with if the entire service can be cut 
off or restored by the operation of not more than six switches 
in the same accessible position demanded for one main switch. 
Fire protection apparatus and electrical elevators must be 
separately controlled. Every circuit outgoing from a switchboard 
must also be controlled by a cut-out or a circuit breaker in 
each active conductor 


Maximum Demand 

The Standards Association of Australia gives the following 
rules for calculating the maximum demand in mains and sub- 
mains: 


INDIVIDUAL DOMESTIC INSTALLATIONS AND INSTALLATIONS IN 
INDIVIDUAL FLATS IN A BLOCK 


1. Lighting 

2. Fixed heating, cooking and 
power, including instantan¬ 
eous water heaters 

3. General purpose outlets 


Two-thirds of connected load. 

Full connected load up to 10 amperes, plus 
one-half of the load in excess of this 
amount. 

Full capacity of highest rated outlet, plus 
two-fifths of capacity of other outlets. 


BLOCKS OF RESIDENTIAL FLATS 


1. Lighting 


2. Fixed heating, cooking and 
power, including instantan¬ 
eous water heaters 

3. General purpose outlets 


Up to and including two flats: Two-thirds 
of connected load. 

Remaining flats: One-half of connected 
load. 

Full load up to 10 amperes plus one-half of 
the load in excess of this for the highest 
rated appliance, plus one-third full load 
of remaining appliances. 

Full capacity of highest rated outlet, plus 
one-fifth of capacity of other outlets. 
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HOTELS, BOARDING HOUSES, ACCOMMODATION HOUSES, 

HOSPITALS 


1. Lighting 

2. Fixed heating and. cooking, 
including instantaneous water 
heaters 

3. General purpose outlets 


4. Motors, other than elevator 
motors 


Three-quarters of connected load. 

Full connected load of highest rated appli¬ 
ance, plus one-half of full load of re¬ 
maining appliances. 

Full capacity of highest rated outlet, plus 
one-half of capacity of all outlets in main 
rooms, plus two-fifths of capacity of other 
outlets. 

Full load current of highest rated motor, 
plus one-half full load current of all other 
motors. 


SHOPS, STORES, OFFICES, BUSINESS PREMISES OTHER THAN 

FACTORIES 


1 . 

2 . 


3. 


4. 

K 


Lighting 

Fixed cooking appliances 


Fixed heating and power ap¬ 
pliances, other than motors, 
cookers and water heaters 
later mentioned. 

General and special purpose 
outlets 

Motors, other than elevator 
motors 


Nine-tenths of connected load. 

Full connected load of highest rated appli¬ 
ance, plus three-quarters full load of 
second appliance, plus one-half full load 
of remaining appliances. 

Full connected load of highest rated appli¬ 
ance, plus three-quarters of full load of 
remaining appliances. 

Full capacity of highest rated outlet, plus 
three-quarters of capacity of other outlets. 

Full load current of highest rated motor, 
plus three-quarters of full load current of 
second motor, plus one-half of full load 
current of all other motors. 


ELEVATORS 


1. First elevator motor 

2. Second elevator motor 

3. Additional motors 


Full load current. 

50 per cent full load current. 
35 per cent full load current. 


WATER HEATERS 


1. Continuous elements 

2. Off-peak elements 


Full load current. 

Two-thirds full load current where the de¬ 
mand of the rest of the installation is not 
less than that of the ofT-peak element. 
Full load current in all other cases. 
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Conductors 

Size of Conductors. Copper wire is the conductor used in elec¬ 
trical installations, and it may be in the form of insulated cables 
enclosed in conduit, compound filled troughing, or fireproof 
ducts, or of tough rubber cables which need not be enclosed in 
conduit. Consumer’s mains may not be less than 7/-036 inch, 
sub-installation mains in residential premises may not be less 
than 7/*029 inch. In commercial premises sub-installation mains 
may not be less than 3/*036 inch. 

The factors governing the size of the conductors or cables in 
any part of an installation are: 

(a) Current carrying capacity, as calculated in accordance with 
the S.A.A. table given above. 

(b) Fall in voltage which, from the commencement of the 
consumer’s mains to any point in the installation must not 
exceed one volt plus 3 per cent of the voltage at the commence¬ 
ment, measured when all the conductors in the installation are 
carrying the maximum calculated current. 

(i c ) Temperature conditions, the rules requiring that no rub¬ 
ber insulated cable shall be installed in any situation where the 
ambient temperature exceeds 120 degrees F. for sustained periods, 
and no paper insulated cable where the ambient temperature 
exceeds 150 degrees F. for sustained periods. The maximum oper¬ 
ating temperature of the cable must not exceed 150 degrees for 
sustained periods and 160 degrees at any time. 

(d) Mechanical strength. 

Aerial Conductors. Conductors conveying current from the main 
building to a garage, or to outhouses or farm buildings, may 
be placed within waterproof conduits attached to pergolas or 
covered ways when such structures are available, or may be 
installed as aerial conductors suspended from posts or struc¬ 
tures. There is a minimum of seven strands set down for such 
aerial conductors, each strand to be not less than -036-inch 
diameter. The following table, from the S.A.A. Rules, gives the 
maximum span between posts or supports for various aerial 
lines. 



Electrical Installation 265 


MAXIMUM SPAN BETWEEN SUPPORTS FOR AERIAL LINES 


Type of Conductor 

Size (inches) 

Span (feet) 

Weatherproof rubber insulated cable with: 



Soft-drawn conductors 

7/-036 or over 

30 

Hard-drawn conductors 

7/*036 or over 

75 

Aerial cables with neutral conductor 

7/-036 

75 

Of hard-drawn bare copper 

7/-044 or over 

135 

Bare hard-drawn conductors 

7/-036 

100 


7/-044 

150 


7/-064 

200 


There is a minimum height from the ground of 16 feet for 
bare conductors and 10 feet for insulated conductors. It is also 
ruled that no aerial line under conditions of maximum sag 
shall be less than 9 feet above any part of any roof which is 
accessible for traffic or resort and 4 feet above any other roof, 
except that supporting insulators may be mounted on a ridge. 
No aerial line shall pass within 3 feet of a window or balcony, 
6 feet of a radio aerial and 2 feet of a telephone or telegraph line. 

Underground Wiring. When the wiring is carried underground 
or on the ground under floors, it may be either tough rubber 
covered cables enclosed in galvanized water-piping or asbestos 
cement piping, lead-covered cables with a sheathing not less 
than 0-06 inches thick, or armoured lead covered cables laid 
directly on the ground or enclosed in conduit, troughing or pip¬ 
ing. The joints in the protecting piping must be made watertight 
and the cables laid not less than 2 feet below roadways, and 1 
foot below the surface of the ground in other cases. 

Sub-circuits. The final sub-circuits from the main switchboard 
or from distribution boards are protected by either fusible cut¬ 
outs or circuit-breakers. The load on each sub-circuit must be 
calculated. The S.A.A. gives the maximum number of outlets 
that may be connected in parallel to sub-circuits as: 


Up to 10 amperes rating.10 

Above 10 amperes but not exceeding 15 amperes - - - - 4 
Above 15 amperes but not exceeding 20 amperes - - - - 3 


The same authority gives the following table for general pur¬ 
pose outlets in parallel in residential installations: 
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GENERAL PURPOSE OUTLETS IN PARALLEL IN RESIDENTIAL 
INSTALLATIONS 


Minimum size of 
conductor (inches) 

Number of outlets 
in parallel 

Rating of circuit 
(maximum 
demand) 

Rating of 
cut-outs 

3/-036 

4 

13 

15 

1/-064 

4 

13 

15 

7/-029 

5 

18 

20 


When the sub-circuits are protected by circuit-breakers the num¬ 
ber of outlets is in accordance with the following table, for the 
purpose of which two general purpose outlets in a room not 
exceeding 250 square feet in floor area may be counted as one 
if they are connected to an 8, 12, or 18 ampere final sub-circuit, 
and four general purpose outlets in a room not exceeding 500 
square feet in floor area may be counted as two under the same 
conditions. 


MAXIMUM NUMBER OF OUTLETS IN PARALLEL WITH CIRCUIT- 

BREAKERS 


Circuit 

Maximum number of outlets in parallel 

Maximum 
rating, 

A mps . 

Maximum 
size of 
conductor 
(inches) 

General 
purpose 
socket , 
outlets 
only 

Lighting 

outlets 

only 

Mixed circuits—light¬ 
ing, general purpose 
appliances 

6 

1/-044 

1 

15 

10, one of which may 

8 

3/-029 

3 

15 

be a general purpose 
socket outlet. 

10, two „ „ 

12 

3/-036 
or 

6 

15 

10, three „ 

18 

1/•064 

7/-029 

8 

15 

10, four „ 


Separate Circuits. Separate sub-circuits are required for each 
lamp, low pressure appliance or transformer rated at more than 
10 amperes, and each medium pressure appliance. 


Earthing 

Except in special cases, the metal sheathing, conduits, boxes, etc., 
of a wiring system are earthed, as well as the exposed metal frame 
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or case and any other exposed metal of all portable appliances, 
fixed appliances such as ranges, water heaters, motors, generators 
and transformers, plug sockets, low-voltage transformers and 
metal standards carrying aerial cables. This may be done by 
means of: 

1. The direct earthing system, by means of connection to the 
general mass of earth by a metallic plate or plates, pipe or pipes 
in direct contact with the ground, the earthed parts not being 
connected within the system to the neutral conductor of the 
supply system. 

2. The multiple earthed neutral system, which is the same as 
the direct earthing system, except that the earthed parts are con¬ 
nected within the system to the neutral conductor of the supply 
system. 

3. The earth leakage circuit-breaker system, by which the 
parts to be earthed are connected to the general mass of earth 
through one or more earth leakage circuit-breakers or relays. 

The supply authority has the right to nominate which of 
these three systems is to be used. 

Method of Earthing. It is important that the main earthing con¬ 
ductor is taken from the earth connection at the main switch¬ 
board to the water pipe, electrode or other medium as directly 
as possible. A sub-main earthing conductor is run as directly 
as possible from the main switchboard to the distribution boards 
in the order of their connection. The exposed metal of fixed 
equipment is earthed by connection either to the earth bonding 
at the distribution board, or to the sub-main or main earthing 
conductor between the distribution board and the connection 
to the water pipe or electrode. 

Direct Earthing System. It is required that the connection of 
the main earthing conductor to a water supply pipe is made as 
close as is practicable to the first point of entry of the pipe into 
the building. It is usually made outside the building. When 
there is no water supply pipe an earth electrode is used. 

Multiple Earthed Neutral System. In this system the main 
earthing conductor is taken from the neutral busbar on the main 
switchboard to an effective earth. This also is as direct as pos¬ 
sible. Equipment that has to be earthed may be connected to 
the main earthing conductor or to the neutral busbar on the 
switchboard. 
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Earth Leakage Circuit-breaker. The installation is earthed in 
this system through the coil of an earth leakage circuit-breaker 
which controls the supply to those parts of the installation to 
be protected (Fig. 92). The coil is connected to an earth elec¬ 
trode. There is also a supplementary direct earthing connection 
to the water supply pipe, or to a separate earth electrode. The 
distance between these two electrodes is never less than 6 feet, 
and the minimum resistance permitted between them is 100 
ohms. The earth leakage circuit-breaker often takes the place 
of the main switch. 



Conduit 

In the great majority of installations the cables are taken to 
the various outlets, switches, equipment, etc., within steel con¬ 
duit. This may be plain, secured at junctions by clips, or screwed. 
Heavy gauge screwed conduit is required by regulation in the 
following positions: where exposed to the weather; in damp 
situations; where exposed to the action of corrosive fumes or 
liquids; where exposed to severe mechanical injury; where em¬ 
bedded in concrete; where explosive gas or dust is likely to be 
present; and in elevator and hoist shafts. In underground in¬ 
stallations and sometimes in exposed positions galvanized water- 
pipe is frequently used. 

Conduit is either circular or elliptical in section. It is made 
in diameters ranging from £ inch to 2 inches, and the S.A.A. 
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has compiled a table showing the maximum number of braided 
rubber insulated cables permitted in the various sized conduits. 

Conduit is run in ducts, chases cut in brickwork, in the 
thickness of the render, embedded in a plastic material such 
as concrete, in notches cut in joists, through plates and bridging 
in timber frame buildings, etc. Special saddles and clips are 
made for securing it. 

A number of special fittings for use with conduit are made. 
These include inspection fittings and draw-in boxes, couplings, 
elbows, tees, four-way pieces and bushes. Elbows, tees and four¬ 
way pieces may be either plain or inspection type, the latter 
being an assembly of two sections held together with grips. An 
inspection type tee is shown in Fig. 93. 



Outlets 

Even a simple installation usually incorporates a number of 
different types of outlets, some of which are shown diagram- 
matically in Fig. 94. 

Outlets for an installation must be carefully planned and 
depend on special requirements, type of construction and 
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material used in the building, and individual preferences as 
regards height and position. 

Power Outlets. There is a great variety of power outlets avail¬ 
able, and each manufacturer has his own design or designs for 
plates and finishing pieces. The flush socket (Fig. 95) is used in 
architraves and skirtings or on a baseblock. A hole large enough 
to take the receptacle is mortised into the timber and the 
receptacle secured by means of two screwing lugs. Overall size 
of the plate is usually about 4 inches by 2 inches. The depth is 
about 1 inch. 

The simplest type of power outlet is a circular fitting of 
about 2 inch diameter, which is mounted on a base block with 
a similar type of switch alongside. 

The switch-and-plug socket (Fig. 95) may be let into timber or 
recessed in a brick or concrete wall. The switch is placed above 
the socket in the receptacle and the fitting covered with a plate 
about inches by 2f inches. The receptacle is about 2 inches 
deep. 

Sockets similar to that used with the switch-and-plug socket 
fitting may be obtained in a one-gang box, or with a switch in a 
two-gang box. This is very similar to the switch-and-plug 
socket, except that the two parts are side by side (Fig. 95). 

In the three-gang box (Fig. 95), a pilot-light receptacle is intro¬ 
duced into the centre. The receptacle for this type of fitting is 
usually about 3 inches high by 2 inches deep, the width varying 
according to the number of units incorporated. 

Regulations require that no plug or socket which has a rating 
of less than 5 amperes shall be used in a domestic installation. 
The switch must in no case be farther than 5 feet away from the 
power outlet. 


Fittings 

Lampholders. The most common type of lampholder is the 
cord-grip holder, used in conjunction with a ceiling rose, from 
which is suspended flexible cord. The outer cover of the holder 
is in two sections, between which the shade is gripped. 

The batten type holder fits direct to a wood block or cavity ring 
on the ceiling. The lower part of the cover screws off to grip 
the shade. 

The screw top lampholder is used with brass or conduit pipes 
from wall brackets, or with metal galleries from the ceiling. It 
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Fig. 95. Types of Power Outlets. 
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is very similar to the cord-grip holder, with the top section 
screwed as a socket to take the pipe or gallery. All these fittings 
are made in two types, one to take the bayonet-cap lamps, the 
other for the screw-cap lamps. 

Switches. Switches for light outlets are divided into two general 
classifications: surface switches and flush switches. The former 
may be mounted on a wood block, set semi-flush, or mounted 
on the surface with a cavity ring (Fig. 96). There are also ceiling 
switches, although these are rarely used except for installations 
made in existing buildings, when they are installed to avoid 
chasing walls for other type switches. These may be mounted 
on wood blocks, or with cavity rings. 

Of the flush type, there is the architrave switch, made with 
a receptacle and flush cover-plate in a similar way to the power 
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Fig. 96. Types of Switches. 
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outlets. The standard flush switch is accommodated in a 2-inch 
diameter hole, and covered with a plate about 3^ inches deep 
by inches wide. There is also a miniature type, the plate of 
which is about 2§ inches deep by 1£ inches wide. Flush switches 
may also be accommodated in wall boxes about 2 inches deep, 
suitable for recessing in all kinds of solid and timber frame 
walls. They may consist of a single switch in a box, or two- or 
three-gang boxes (Fig. 96). 


Lighting 

The quantity of light emitted by a lamp or reaching a surface 
is measured in lumens. The standard candle emits four lumens. 
One lumen of light falling evenly on one square foot of surface 
is termed one foot-candle. The size of electric lamps is marked 
in watts, a term indicating the electricity consumption on the 
standard that 1000 watts consume 1 unit of electricity in 1 hour. 
In the following table the wattage of lamps is translated into 
lumens. 


VALUE OF WATTS AND LUMENS 


Watts 

Lumens 

100 

1,200 

150 

2,030 

200 

2,900 

300 

4,720 

500 

8,470 

750 

13,610 

1,000 

19,100 


Light fittings determine the type of light that will be emitted. 
Four general classifications cover most fittings. They are: (1) 
direct, (2) diffused, (3) direct diffused, and (4) indirect (Fig. 97). 

Direct Lighting. This comes direct from a lamp without passing 
through any diffusing medium, open type reflectors being used. 
It results in the greatest number of foot-candles for any given 
wattage, but is always accompanied by direct glare and frequently 
by reflected glare as well. 

Diffused Lighting. Diffused light is that which passes through 
a diffusing medium, usually an enclosed bowl of diffusing glass. 
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Diffused light radiates from the bowl in every direction, giving 
less glare and softer shadows than in direct lighting. About one- 
third less foot-candles result. 



Direct Diffused Lighting. This is achieved by a combination of 
the fittings used for the two previous types, the open type re¬ 
flector above the diffusing bowl directing all the light down¬ 
wards, with the exception of a small quantity permitted to 
escape upwards to illuminate the ceiling. The efficiency in foot- 
candles is midway between that of the two previous types. 

Indirect Lighting. This is a method of using an open type re¬ 
flector but directing all the light upwards to the ceiling, from 
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which it is reflected down. Glare is entirely eliminated and 
shadows almost so. For fine or exacting work, this is the ideal 
illumination. The resulting foot-candles equal about one-third 
of the value obtained by direct lighting. 

Quantity of Light. The quantity of light required varies with 
the type of building, its purpose, and the use to which the 
various rooms are to be put. Regulations govern, by table, the 
quantity of light required in the various types of industrial 
premises. In domestic lighting the following brief rules may 
serve as a general guide: 

For the living room, good general illumination of a diffused 
type, with movable fittings for intensifying light at specific 
points: the dining room, even lighting of medium intensity, 
probably augmented over the dining table and the sideboard; 
the bedroom, a soft diffused general lighting scheme, with in¬ 
creased local illumination at dressing table, mirror and bedhead; 
the bathroom, medium intensity diffused general lighting, 
augmented at the mirror; halls, medium intensity diffused light¬ 
ing; the kitchen, a general illumination of 10 foot-candles, with 
local illumination at working surfaces, i.e., range, sink, etc., 
increased to 15 to 20 foot-candles; and garage, an angle reflector 
high on the wall and a hand lamp with sufficient flexible cord 
to reach all around and under the vehicle. 

Fluorescent Lighting. This system of lighting is a distinct de¬ 
parture from the incandescent lamp. It relies on the electric 
excitation of gas. The gas is contained within tubes, which are 
usually mounted within reflectors. An outlet with plug and 
switch is all that is usually required of the electrician, the re¬ 
mainder of the installation being carried out by employees of 
the manufacturers. 

There are two types of fluorescent lighting: the cold cathode 
tube, which operates on a high voltage; and the hot cathode, 
or low voltage, tube. As the former gives a low light output 
per foot of tube, it is usually used as a supplementary system 
only; but hot cathode tubes give a high light output per foot 
of tube. Two 100-watt tubes emit almost as much light as one 
500-watt incandescent lamp. Light output is produced by about 
one-third of the electrical energy required for the same output 
from an incandescent lamp, so that there is only one-third of 

T 
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the heat emitted. About 50 per cent of this heat is dissipated 
by convection. 

Accommodation must be provided for transformers and other 
auxiliary devices when planning an installation of fluorescent 
lighting. These need not necessarily be placed within the build¬ 
ing. This apparatus is now considerably smaller than that which 
was required when this system of lighting was first introduced, 
and it is hoped that it will eventually be eliminated altogether. 




CHAPTER 16 

HEATING AND VENTILATION 
Heating 

The heating or warming of buildings or rooms may be achieved 
in several different ways. Each of these has its own claims and 
it is necessary to decide which is the most suitable for the par¬ 
ticular circumstance. Cost and convenience are factors and the 
size of the building has a big bearing on the type of heating to 
be used. 

Open Fire. This is obviously suitable for one room only, a 
separate fireplace being required in each room to be warmed. 
A great deal depends on the design of the fireplace and chim¬ 
ney, but H. Y. Randerson, in Australian Sanitaiy Engineering 
Practice , estimates that the radiant efficiency of a good modern 
open fire using coal is 25 per cent. The temperature of the room 
is not uniform, and as the fire draws large quantities of air 
through the room to support the rapid combustion, the room is 
over-ventilated and the air, except in close proximity to the fire, 
is cold. 

Slow Combustion Stove. The best types of slow combustion stoves 
are economical and maintain a large volume of air at an even 
temperature. The same authority, Randerson, estimates their 
efficiency at about 70 per cent when burning anthracite, a natural 
smokeless coal. 

Gas Fire. The modern gas fire is efficient in warming one room 
and is valuable as a ventilating agent. It has the advantage of 
not affecting the humidity of the air and also eliminates the need 
for fuel storage facilities. 

Electric Radiator. This is not a room warmer, but it has a radiant 
efficiency of 100 per cent when supplying warmth to one person 
at very close range. It does not improve ventilation. 
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Central Heating. This is the most efficient and practical method 
of heating or warming an entire house, building, or a number 
of rooms. It consists of a boiler, fired by gas, oil or coke, in 
which water is heated to an automatically controlled tempera¬ 
ture. This heated water is circulated through insulated pipes to 
a number of radiators, from which the heat is transmitted to 
the air. The water returns to the boiler, where the loss of heat 
is made up again. 

There are several systems of central heating. The low pressure, 
gravity, one-pipe system is that most used. In this the boiler is 
at the lowest point, the feed and expansion tank at the highest. 
The water circulates on the gravity or thermo-siphon system, the 
very simplicity of which is its greatest advantage. 

In the low pressure, two-pipe system, the radiators are con¬ 
nected in parallel from the flow and return pipes, which run 
side by side, instead of the inlet and outlet joining the one pipe 
as in the previous system. 

When the gravity system of circulation is not possible, a pump, 
usually electrically driven, is introduced to accelerate the water 
circulation. This is called a forced hot water system and is 
usually very efficient. 

There are also several systems of central heating in which 
steam is used in the same manner as hot water. The panel system 
is also something after the same style, the heating units being 
panels of metal cast with a number of waterways of pipes on the 
reverse side. 

Unit Heaters. These are heaters which are warmed by hot water 
or steam and are connected with the outside air by means of a 
short duct. A fan draws in fresh outside air, which passes through 
the warmed unit before it is discharged into the room. 

Plenum Heating. In this system, the outside air is drawn in 
over hot water or steam-heated radiators or pipe coils, and then 
circulated throughout the building by means of ducts. The same 
system may be used for cooling air and it may be adapted for 
air conditioning in regard to humidity and purity. It is the best 
for very large installations. ' 

Ventilation 

In factories, stores, office buildings and other buildings where a 
large number of persons is at work, it is frequently necessary to 
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Heating and Ventilation 

install a system of mechanical ventilation. There are three prin¬ 
cipal systems, although others have also proved quite successful. 
These three are exhaust or vacuum, plenum, and combined. 

Exhaust or Vacuum Ventilation. This consists of fitting pro¬ 
peller type fans in openings in one external wall to exhaust the 
used air from the building. This has the effect of drawing a 
supply of fresh air in through hopper windows or other inlets 
on the opposite side of the building. As an alternative, the fans 
may be used to draw the vitiated air into ducts with openings in 
the ceiling and exhausting it through roof ventilators. 

Plenum Ventilation. This is similar to the plenum system of 
heating or cooling. The air is conditioned by filtration, its 
humidity is corrected, and it is heated or cooled. 

Combined Ventilation. Sometimes called balanced ventilation, 
this is a combination of the exhaust and plenum systems. Air 
is exhausted from the building as in the first system, and fresh 
air is introduced by means of a simple plenum system. 



CHAPTER 17 

PLASTERING 

Plastering consists of covering wall surfaces with a rendering of 
cement, lime mortar or gypsum plaster mortar, with the object 
of covering the structural material and producing a smooth or 
decorative finish. It also includes finishing walls and ceilings 
with fibrous plaster sheets. 

Exterior Plastering 

A cement mortar is used for plastering the exterior of buildings. 
It may be applied over the entire brick or concrete or similar 
surface, or may be used as dressings to sills, heads, string courses, 
copings, parapets and mouldings. The mortar is composed of 
sand and Portland cement, in the proportions of 3 of sand to 
1 of cement. The addition of hydrated lime, usually not more 
than 10 per cent of the whole, has the effect of making the 
mortar “fat” and more easily worked, and reduces the risks of 
surface crazes as the render dries. Hydraulic lime must never be 
added to cement mortar. 

Preparation. Surfaces to be plastered are left rough so that 
adhesion will be secured. When old walls are to be plastered 
the surfaces are hacked and joints in brickwork are raked out. 

Two-coat Work. Most external rendering is done in one coat, 
although two-coat work is considered to make a better job. Tie 
second coat is not more than \ inch thick and is usually richer 
than the first coat. With this practice, care must be exercised 
to see that the difference of gauge between the coats is not 
sufficient to cause trouble by different rates of contraction. 
Where there is much or delicate decoration or moulding, two- 
coat work is often an advantage, although the use of pre-cast 
decoration has practically superseded decoration done on the job. 

Thickness of Render. The average thickness of cement render 




Fig. 98. Cement Rendering. 
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in one coat is between £ inch and \ inch. It is important to 
avoid too great a thickness, as this is the greatest single cause 
of failure. Where projecting mouldings are to be run, a core of 
brick or concrete, or other structural material, should be pro¬ 
vided for the plasterer to work on (Fig. 98). 

Finishes. Cement render may be finished perfectly smooth, or 
in a variety of decorative effects. Although not much used now, 
rough cast work, in which small ashes are embedded in the wet 
cement, was previously popular for entire walls or decorative 
portions. There is also pebble dash, and various texture and 
stipple finishes, which are achieved by working the render with 
trowels or sponges, or by wiping off. For a hard smooth finish a 
steel trowel is used, and for a medium hard finish a wood trowel. 
The wood trowel finish is now usually preferred, as it is almost 
impossible to get a steel trowel finish without “high spots”. 

Colouring. Colouring pigments in powder form may be added 
to the cement render when it is being dry mixed, before the 
application of water. This is claimed as an advantage over 
painting, as the colour is right through the material, but great 
care must be exercised in the mixing to ensure that the pigment 
is thoroughly incorporated right through the batch. Careful 
measurement is also essential so that each batch shall be exactly 
the same. Over-trowelling must be avoided, especially with light 
colours, as this results in trowel stains. 

Waterproofing. There are several patent waterproofing com¬ 
pounds that can be incorporated in cement render in the same 
manner as pigments. 

Pointing. A rich cement mortar is used by the plasterer to point 
up door and window frames, and all flashings. Cement render 
must be brought right down on to flashings and cut cleanly just 
over the lead or flashing material. If left too far over, the 
cement render will flake off, but if it stops short of the flashing 
it is useless. 


Interior Plastering 

Interior solid walls—brick, concrete, stone, or similar material- 
may be finished in one coat of cement render in much the same 
manner as exterior walls. This may be rendered smooth with 
the wood float, sanded or texture finished. This method gives a 
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good hard wall surface, and may be painted, coloured or papered 
if smooth. Its chief disadvantage is that it is difficult to patch 
when later alterations are carried out, or to make good after 
other tradesmen, such as electricians or plumbers, should it be 
damaged during the progress of the building. 

Alternative finishes are lime-putty, and gypsum plaster. 

Lime-Putty Plaster. This is put on in two or three coats, two 
coats being usual, the first coat being composed of sand and 
Portland cement, with a quantity of hydrated lime. In some 
cases this coat may contain one part each of lime and cement, 
to five parts of sand. The setting or finishing coat is put on 
very thin. It is composed of a rich mixture of sieved lime and 
sand to which water has been added. When ready for use the 
mixture is of a thick, creamy consistency, and is known as “lime 
putty”. If hydraulic lime is used the process takes about four¬ 
teen days, as the water has first to hydrate the lime. Pigments may 
be added if desired. 

Lime putty hardens by combining with the carbon dioxide 
in the air, consequently a thin coat is essential. If the hard outer 
crust is damaged, the softer lime putty below the surface is 
exposed. 

The first coat may, instead of cement mortar, be composed 
of 3 parts of sand to 2 parts of lime putty, with cowhair added 
to the mix. This is usually followed by a floating coat of 3 parts 
of sand to 1 part of lime putty, which is finished perfectly smooth. 
The finishing coat is similar to that used with a cement mortar 
first coat. 

Gypsum Plaster. Of recent years gypsum plaster has been the 
most widely used for interior finishes. Gypsum is a non-metallic 
mineral substance found in many parts of the world, and of 
which Australia has adequate deposits. Its natural colour is 
white, which is sometimes changed to grey, pink, blue or brown 
by the presence of impurities. Being 79 per cent sulphate of 
calcium combined with 21 per cent of water, it is known as 
hydrous calcium sulphate (CaS0 4 2H 2 0). 

In the manufacturing process the raw gypsum is crushed, 
dried and ground. It is then heated until it reaches a tempera¬ 
ture of from 300 degrees to 330 degrees, during which portion 
of the water of crystallization is driven off. The result is the 
hemi-hydrate which forms the basis of gypsum plasters. The 
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addition of water causes the plaster to set again, while sand is 
added merely to increase the bulk and reduce the cost of the 
material. It may also be gauged with lime putty. 

Although a base coat of gypsum cement and sand may be 
used, Portland cement and sand is more generally employed. 
As this contracts as it dries, and gypsum plaster has a tendency 
to expand, the setting coat should be as thin as possible and 
the greatest possible amount of time should be allowed to 
elapse between the two coats. This applies particularly in the 
case of circular columns. 

Gypsum plaster is quick setting, so that not more than the 
amount that can be used in one hour should be mixed at a 
time. Unlike lime, it cannot be re-tempered. 

Plastering on Lathing. Plastering on wood or metal lathing over 
stud walls or to ceilings calls for three-coat work. The first, or 
pricking coat, is the same mix as for three-coat work on solid 
walls. It is forced between the laths to make a key, and in good 
work carries a scrim of hessian, forced in before it is dry. This 
coat is scratched or pricked with a rake or specially prepared 
board to provide a key for the second coat. This and the setting 
coat follow as described for solid walls. 

Gypsum plaster cement may be obtained specially fibred for 
use as the base coat over laths, obviating the need for hessian. 

Hard Plaster. Gypsum plaster, specially prepared and used with¬ 
out sand, makes a hard finish that withstands heavy wear and 
is practically impervious to water. When enamel-painted it may 
be used as a substitute for tiles in bathrooms and kitchens. A 
similar hard wall finish is obtained by using a setting coat of 
Keene's cement over a floating coat of Portland cement and sand. 

Acoustic Plaster. Ready-mixed plasters containing minerals and 
having sound absorption properties are available. They are 
applied to wall surfaces after a base coat and a thin bonding 
coat in the same manner as ordinary gypsum plasters, and in 
appearance resemble a coarse sand finish. This is an economic 
method when a low coefficiency of absorption is satisfactory. 

Plaster of Paris. This is a quick-setting gauging plaster, used for 
running mouldings and ornamental plaster work, and in the 
manufacture of fibrous plaster. It is also used in conjunction with 
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lime putty, to speed setting time and so reduce shrinkage of the 
lime putty. 

Fibrous Plaster. For surfacing stud walls internally and for ceil¬ 
ings, fibrous plaster is now almost universally used in preference 
to plaster on laths. Ease of handling and elimination of cracks 
and, later, of falling ceilings are the principal advantages. 
Fibrous plaster is manufactured by mixing gypsum with water 
and hand-rolling in sisal hemp for reinforcement. It is made 
into sheets on benches and, when set, is hung in racks to dry. 
There is a large range of stock sizes of sheets. Walls are usually 
specially made for each job, so that there will be no vertical 
joints in the entire length of the wall. There is usually a hori¬ 
zontal joint at door-head height, which is covered by a picture 
rail, or set flush. 

Fixing Fibrous Plaster Walls. When studs have been properly 
sized by the carpenter, fibrous plaster sheets are fixed direct to 
them, held by large headed clouts, and to nogging between the 
studs. Nogging is required to take the top of the skirting— 
except where this is small (say, 2 inches), and wall plates are on 
top of the flooring boards—at chair-rail height and door-head 
height. If the studs do not present a true surface they are packed 
or, in rare cases, battened. After all joinery work has been com¬ 
pleted, the clouts are punched below the surface and the hole 
stopped with plaster stopping. If the horizontal joint is to be 
.flush, this is also stopped. In this case, double nogging is re¬ 
quired at this level. If a picture rail is used, a lighter gauge 
sheet may be used for the frieze sheets. It is recommended, but 
not always carried out, that internal angles of fibrous plaster 
walls are reinforced with galvanized sheet iron nailed to the 
studs (Fig. 99). This eliminates the tendency for cracks to show 
in the stopping at these angles. Joints are reinforced with sisal 
hemp or a strip of hessian. 

Fibrous Plaster Ceilings. Ceilings are fixed in sheets, secured 
to battens nailed to the joists at 16-inch centres. The joists are 
packed so that the battens present a perfectly level surface before 
any sheets are fixed. The practice of tapping down high battens 
from above after the ceiling has been fixed is to be condemned, 
as the battens are then hanging on nails that have become loose 
and will inevitably work looser. The joints in the ceiling are 
either covered with fibrous plaster or wood cover strips, or set 




Fig. 99. Fibrous Plaster. 
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flush. In the latter case double battens are put at each joint 
and a space of barely i inch left between sheets. The joints are 
stopped flush, the plaster stopping, reinforced with hemp, being 
forced up into the space between the battens (Fig. 99). This is 
the method most used. 

Cornices. A wide range of plain and ornamental cornices is 
manufactured and special designs are made up. These are made 
in lengths which are butt-jointed at the ends and mitred at the 
angles. Large cornices are fixed to special battens. 

Decorative centre panels of fibrous plaster are made in a 
variety of designs. Several types of vents, backed with gauze 
wire, to be used with fibrous plaster walls, wall boards, or brick 
walls, surrounds for gas and electric fires, and reinforced fibrous 
plaster pelmets are among the sundries available. Fibrous plaster 
sheets and other products are manufactured in every capital city 
in Australia and in most of the larger towns. 


CHAPTER 18 
TILES AND FLOOR FINISHES 
Clay Tiles 

Wall Tiles. The manufacture of wall tiles is closely akin to the 
processes used in brick and terra-cotta manufacture. The clay is 
pressed under power machines to give a closed even texture. It 
is burnt through a very high temperature, the correct control 
of which is an important factor in the prevention of crazing. The 
surface of wall tiles is glazed, either in a high lustre or a matte. 
Tiles are laid up on a cement mortar bed or backing and are 
made with sufficient thickness to allow recesses in the back to 
provide a key. Joints are generally very thin and are cleaned 
out and pointed up in a white mortar. Occasionally a joint of 
\ inch, or even more, is used. Tile laying is a difficult trade, and 
it is very important that walls are perfectly flush and true, as 
the surface glaze of the tiles reflects light and shows up the 
slightest imperfection. 

There is an almost unlimited colour range in wall tiles. It is 
usual to use at least a two-colour scheme, the body colour 
being relieved with base, skirting, capping or bands of colour. 
Wall tiles generally are made in three sizes: 4 inches square, 
6 inches square, and 6 inches by 3 inches. Colour bands may 
be either plain or with a raised pattern picked out in colours. 
They are made in several widths from \ inch up. 

As well as these plain tiles and strips, certain accessory tiles 
are stock manufacture. These include internal and external 
angle beads for finishing vertical angles; cove tiles for the junc¬ 
tion between wall and floor tiles; round edge tiles for finishing 
as a horizontal capping, or vertically at the end of a panel, with 
special double round edge tiles for corners; and capping tiles. A 
variety of decorative insets is also available. 

Recessed fittings intended to be built into tiling and in colours 
to match the tiles are also available from most manufacturers. 
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These include soap holders with drips, with or without grips, 
robe hooks, towel rail holders, toilet paper holders, gargoyles 
and other decorative water outlets, tooth brush and glass holders, 
and shower steps or foot rests. 

Floor Tiles. Floor tiles are made in a great variety of sizes and 
types. As with wall tiles, they are laid on a cement mortar bed, 
and as they are generally used on floors where water is expected 
they are invariably graded to floor gulleys. Grading must be 
even to avoid patches on which water may lie. Veranda and 
porch floors are graded to fall outwards. 

Almost any type of tile may be used for veranda and porch 
floors, but the quarry tile is especially made for this purpose. It 
is usually either red or brown in colour and may be square, 
rectangular or octagonal. Square and rectangular tiles of various 
sizes are frequently used in the one floor, laid in a pattern. 

Of the smaller tiles there are many sizes and colours. Floors 
may be laid in one colour, or with several colours either in a 
pattern or in a mottle. In the latter case, the colours are well 
mixed when being packed into the box and picked out at ran¬ 
dom by the tile layer on the job. There is also an endless variety 
of patterns in which the different colours may be used, generally 
with special margin strips. 

Non-slip Floor Tiles . For use in large kitchens and similar 
places special tiles with a grease-proof, non-slip surface are made. 
Special stair nosings with a grooved surface are also made. 

Tiled Swimming Pools. Special scum gutters, with outlets at the 
rear, are made of tile for use in swimming pools. The tiling 
of sides and bottom of pools requires especial care. It is very 
important that all joints are mortar filled to prevent water find¬ 
ing its way in behind the tiles. If this happens, the tiles are 
certain to come away from the wall under the action of the sun 
when the pool is emptied for cleaning or other purposes. 

Other Flooring Finishes 

Cork Floor Tiles. These are used in places where liquids are 
likely to fall on the floor and where workers are continuously 
employed. They provide an impervious floor which is not hard 
and tiring on the feet, and is quiet and warm. Cork tiles are 
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laid on a previously smoothed sub-floor of concrete, wood, or 
other material and are sealed with a mastic or bitumen com¬ 
pound. They are finished with a wax polish. Tiles are in several 
sizes and shapes from 18 inches square to 4§ inches square, and 
may be laid square or diagonally. A special wall cove is made. 

Composition Flooring. Several jointless, composition floorings, 
known under different trade names, are on the market and are 
most useful under certain circumstances. The composition natur¬ 
ally varies, but as a rule the base is wood pulp and the ingredi¬ 
ents used in first-quality linoleum. Colouring agents are used, 
and in some cases a mottled effect may be obtained. The com¬ 
position is laid in a plastic state over level, but not smoothed, 
sub-floors. In the case of concrete, rendering is unnecessary, the 
rough surface providing a better key. The composition is laid 
about £ inch thick, beaten in, levelled and allowed to set, this 
taking from ten to twenty-four hours. The floor is then satur¬ 
ated with an oil, and polished. It is extremely long lasting and 
pleasant to walk on. 

Rubber Flooring. This is made in a variety of thicknesses from 
^ inch to i inch, and in a great range of colours. It is laid over 
a sub-floor and secured with a special mastic, and may be used 
in conjunction with a sponge rubber underlay. In addition to 
the normal rubber flooring, special stair treads and combined 
treads and risers with a nosing moulded in, are made. 

The sub-floor on which rubber flooring is laid must be smooth, 
rigid and dry. It must be free from paint, polish, grease and 
oil, all traces of which must be removed before the laying com¬ 
mences. The most important point, however, and the greatest 
cause of failures, when not done, is the avoidance of all damp¬ 
ness. Moisture may come through a concrete floor by capillary 
attraction and dry off on contact with the air without its pres¬ 
ence being suspected. When it is sealed off by rubber flooring 
it will inevitably cause the lifting of the floor covering. All 
concrete sub-floors to be covered should be tested for signs of 
dampness and precautions taken if these are necessary. 

Plastic Rubber . Another type of rubber floor-covering is mixed 
and applied cold in plastic form. It may be used over timber, 
concrete, asphalt, stone or metal floors, and by its plastic nature 
does not require the sub-floor previously levelled. It adheres to 
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the sub-floor and is levelled as it is laid. It has the advantage of 
being perfectly jointless and may incorporate decorative motifs 
in colours as in the ordinary rubber flooring. 

Hard Rubber Tiles. These are intended for heavy wear, and 
are made in several thicknesses and a great range of colours. They 
are laid in a special mastic. Hard tiles of several compositions 
are on the market. They also are laid in special mastic or in 
hot bitumen. 


U 






CHAPTER 19 

PAINTING 

As the painter’s is the final finishing trade, the quality of the 
work may have a big bearing on the building as a whole. While 
good painting can never make up for bad or incompetent work 
in the other trades, bad painting can almost entirely nullify 
excellent workmanship in the trades that go before it. The 
materials used in painting are of prime importance. Substitutes 
of any kind are to be avoided, as only the best will allow a good 
tradesman to do a satisfactory and lasting job. As the most 
important object of painting is protection, proper cover and long 
life are the first essentials. The quality of decoration is a sec¬ 
ondary object, and depends primarily on colour selection. 

Components 

The basic components of all paints have been classified as the 
base, vehicle, solvent and driers. A colouring matter called a 
pigment is often added. 

Base. Several materials are satisfactory as the base, some more 
so than others under certain conditions. Of these, white lead 
is the most used. This is a basic lead carbonate that is manu¬ 
factured into white lead by the Dutch, or stack, system of 
corrosion, in which it is exposed to the action of acetic acid 
fumes in tan. Several modern “quick-process” methods have 
been developed, but they are not as satisfactory as the slower 
corrosion method. The white lead thus produced is a powder, 
but is generally dissolved in about 8 per cent linseed oil before 
being supplied to the painter. It is best kept for some time 
before being used, as too fresh white lead becomes slightly 
yellow. If it is not properly covered while it is maturing it will 
become grey. White lead has a greater covering power than any 
other base, but it is affected by the sulphur impurities which 
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are present in the atmosphere of towns. It is also very poisonous, 
and for this reason its use is prohibited in some countries. 

Red lead is used as a base for priming coats on timber and 
for some red paints. It may also form a base for paints for use 
on metal. It is made by heating lead in an open furnace (when 
a substance named litharge is formed) and then re-heating in 
order to take up more oxygen. It is usually supplied in powder 
form. 

Oxide of iron forms the base for many paints for metal work, 
its advantage being that there is no possibility of galvanic action 
being set up between the metal and the paint. It is obtained 
from a brown haematite ore by a heating and grinding process. 

Zinc oxide, or zinc white, is another base that has nearly the 
same covering capacity as white lead, without its susceptibility 
to sulphur fumes or its poisonous quality. Its cost is also slightly 
less. It is obtained from zinc by a burning process, during which 
a current of air is passed through the retort. 

Fillers. There are several fillers which are sometimes used to 
dilute, extend, or adulterate the base. They are chiefly barytes, 
silica, silicates of magnesia, silicates of alumina, calcium car¬ 
bonate, whiting, gypsum and charcoal. Under certain conditions 
the addition of one of these may increase the durability of the 
paint, but as they are usually added merely to extend the base 
and so reduce the cost of the paint, it is a good general rule to 
avoid their use. 

Vehicle. An oil must be added to the base in order that it can 
be spread or brushed thinly and evenly over the surface to be 
protected. Linseed oil is most commonly used and is the best 
vehicle. It is made from the seed of flax, which is grown in 
the Baltic States, Argentina, India, Canada and the United 
States of America. After being cleaned of other seeds, the seed 
is ground or pressed. The resultant oil is then treated to 
remove water, natural salts and gummy or albuminous matter. 
This crude oil is then allowed to stand for several months in 
tanks, during which mucilage, or “foots”, sinks to the bottom 
and the oil becomes light and clear. A quicker, chemical method 
of refinement now replaces this old method for all but the best 
quality oil, generally reserved for use by artists. Linseed oil 
bleaches under the action of ultra-violet rays or strong sunlight. 

Boiled oil is heavier and darker in colour than raw linseed 
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oil. It is manufactured by heating the refined oil to a temperature 
of from 400 to 500 degrees Fahrenheit. The heat is maintained 
for several hours, and driers, usually lead oxide and manganese 
oxide, are added. The metals dissolve and become part of the 
oil. By adding the oxides at a lower temperature the oil will 
remain a paler colour. This oil darkens on exposure, as distinct 
from raw oil, which lightens, and is clearer in warm weather 
than in cold. A cjuick-drying boiled oil is manufactured by 
heating at a comparatively low temperature and adding soluble 
resinate driers. This results in a thinner oil. 

Blown oil is linseed oil thickened by the passage of a current 
of air through it. It is thicker than ordinary boiled oil and is 
of a bright yellow colour. 

Stand oil, sometimes known as Dutch oil, originated in Hol¬ 
land. It is very thick and is prepared by heating refined linseed 
oil to just below 600 degrees Fahrenheit. No driers are added, 
and only the best quality linseed oil is used. The temperature 
is maintained for several hours and precautions are taken to see 
that the oil does not darken in colour. Stand oil is used in the 
preparation of the best enamels. 

Solvent. Oil of turpentine is added to paint so that it will work 
more easily. It is important that no more than the correct pro¬ 
portion is used, although sometimes a final flatting coat, used 
over a finished paint job when a glossy finish is not required, 
and composed of a base and turpentine, without oil, is applied. 
Oil of turpentine, or spirits of turpentine, is made by distilling 
the resinous turpentine which is obtained by tapping certain 
coniferous trees. 

Driers. Although linseed oil dries by the absorption of oxygen, 
the process is too slow for practical purposes. In order to accel¬ 
erate this action, small quantities of a drier are added to the 
paint. The most commonly used is litharge, although there are 
several other satisfactory driers, as well as several patent driers 
that are equally good. For very quick drying, terebene is used. 
This is a solution of one of the driers in oil of turpentine. 

Figments. These are finely ground colouring matters, either 
mineral, vegetable or chemical, added to the paint in the pro¬ 
portions to produce the tint or colour desired. 
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Ready-mixed Paints 

A large percentage of the paint now used in building work in 
Australia is obtained ready mixed from the manufacturers. This 
has advantages from the point of view of the architect, as he can 
be certain of the quality of the ingredients, and the scientific 
mixing in quantity ensures a tint true to that selected and con¬ 
stant throughout the job. Ready-mixed paints vary considerably 
in price, and bearing in mind the cost of the ingredients, it is 
obvious that paints selling below a certain price must contain 
very little genuine white lead or zinc white, and the base must 
be considerably adulterated with fillers. A few ready-mixed 
paints are made on a white lead base, but the majority of those 
that are satisfactory have a base of white lead and zinc white. 
Manufacturers make a very wide range of tints, the names of 
which, it is hoped, will be standardized by the Standards Asso¬ 
ciation of Australia. 


Preparation 

Preparation for painting is very important and has a big effect 
on the finished job. Sufficient and correct sandpapering is 
essential with joinery, as the plane or mill finish is not good 
enough for good painting. Sandpaper is used placed around a 
wooden or cork block, or pressed with the fingers in moulds. 
Very thorough papering and cleaning-down precedes the prim¬ 
ing coat. Patent knotting is used to cover and seal all knots so 
that turpentine or other oil will not exude from them. Putty, 
which is whiting mixed to a paste with linseed oil, is used 
wherever necessary to take care of shrinkage or joints that are 
not perfect fitting. Nails are punched in and puttied over. 

Preparing for Repainting. A good deal of experience is necessary 
in determining the appropriate methods of preparing existing 
painted surfaces for repainting. When the existing paint is blis¬ 
tered or peeled or generally in a bad state it is completely 
removed by burning off with a blow-lamp, scraper and wire 
brush, and is then prepared in the same manner as new work. 

When the paint surface is still good but is stained and dis¬ 
coloured by dirt, grease and sulphur-fume deposits, it is cleaned 
down with sugar soap or decorator’s soap. Soda solutions are 
sometimes used, but although these are more rapid than the 
decorator’s soap, they are likely to have injurious effects. In 



296 Australian Methods of Building Construction 

any case, the surface is well rinsed down to remove all traces of 
the soap or solution. Paraffin may also be used to remove dirt 
and grease, or a soap solution mixed with paraffin and raw 
linseed oil, applied with a soft cloth. Discolorations caused by 
sulphur fumes may be bleached out with a very weak solution 
of hydrogen peroxide. Copper and lead sulphide stains, caused 
by rainwater from metal surfaces, may also be removed by a 
solution of hydrogen peroxide. Wax-polished painted surfaces 
to be repainted are cleaned of all wax by turpentine or sugar- 
soap solution. 


Application 

Woodwork to be painted, after knotting and before puttying, is 
primed, some of it before it leaves the joinery shop. Red lead 
is extensively used in priming coats, which vary according to 
the type of job. About 10 per cent of red lead added to a thinned 
white lead paint is probably the best all-purpose primer. Manu¬ 
facturers of ready-mixed paints make up undercoating paint, 
which, when still further thinned by the addition of raw lin¬ 
seed oil and perhaps a little oil of turpentine, makes a satisfac¬ 
tory primer. 

The priming coat is followed by two or three coats of paint, 
according to the type of job and its position. With ready-mixed 
paints, undercoats are used for all but the finishing coat in most 
instances. Special flat, matt or velvet finishing paints are made 
for interior work. In special work, rubbing down with sand¬ 
paper or pumice is done between coats and sometimes even more 
than three coats are used. 

Metalwork is painted one or two coats, the first coat at least 
being made on a base of red lead, oxide of iron, or ferric oxide. 
Lead chromate is also sometimes used. Galvanized iron roofs are 
frequently painted, both as a preservative measure and, when 
the colours are white, green or blue, to ensure a cooler tempera¬ 
ture in the rooms beneath. It is best if the galvanized iron can 
be left six months or more to weather. If not, it is usually 
washed down with oil of turpentine and sometimes rubbed over 
lightly with sandpaper. When old iron is painted, it is important 
to remove all rust spots. Manufacturers of ready-mixed paints 
put up special protective roofing and metal paints. Special 
primers for use on newly galvanized iron are also available. 

Painting over concrete and cement presents some difficulties 
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on account of the presence of alkalis in the cement. The longer 
the surface can be left to weather, the better, and before the 
paint is applied the surface is covered with a coat of patent 
sealer. This also applies to asbestos cement. Sometimes an imi¬ 
tation stone effect is secured by “sanding”, i.e., dusting sand on 
the wet paint surface. There are also ready-mixed paints which 
result in an imitation stone effect if lightly stippled when still 
tacky. 

Cement Paint. Cement paint, although classified as a paint, is 
an artificial stone in powder form which is mixed with water 
and brushed or sprayed on to absorbent surfaces, such as cement 
finished off with wood float, concrete, bricks other than those 
that are glazed or hard-pressed, and sandstone. The surface to 
be painted is first damped down and the cement paint applied 
before it dries off. This paint “bonds” into the surface, forming 
what may be described as a veneer of water-tight coloured cement. 
Two coats are used. Cement paint may not be used over oil 
paint, priming or sealer. 


Other Finishes 

Enamel. Resulting in a high gloss finish, enamel paint contains 
the finest pigments and pure stand oil. It is applied as a final 
coat. 

Synthetic enamels have now almost completely superseded the 
older “natural” enamel. They incorporate special synthetic 
resins, are easier to work and are very durable. Manufacturers 
put up a wide range of tints and there is also a clear finish for 
use on timber, which provides protection while permitting the 
natural beauty and colour of the figure to remain. Synthetic 
enamels are applied in two or three coats over a priming coat, 
and sandpapering between each coat is necessary for the best 
results. 

Texture Finishes. Special paste-like paints are manufactured for 
texture finishes, which are achieved in great variety and rely 
to a great extent on the skill of the painter. The paint while 
still tacky is worked with various stipplers, sponges, brushes, 
cloths and other mediums. 

Kalsomine. Known also as distemper or water paint, this is ex- 
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tensively used for interior wall and ceiling finishes. It is supplied 
in powder form, requiring only thinning with water to be ready 
for use. It is manufactured in a wide range of tints. There are 
also several paste paints available for this class of work, and 
oil bound pastes that are thinned with water. 

Varnish. The older varnishes were made by dissolving fossil 
resins, such as kauri gum and copal, in linseed oil or spirits. 
Synthetic gums and resins are now largely used in the manu¬ 
facture of varnish and are likely to supplant the earlier gums 
altogether. Varnish was used to make a hard, glossy and trans¬ 
parent film over paint, but modern paints rarely need this. It 
is now almost solely used on timber and joinery work. Not 
being a colouring agent, it protects the timber without impair¬ 
ing the natural beauty, although it is usually used over a stain. 

French Polishing. This is a much better finish used in first-class 
joinery and cabinet work. The timber is scraped and papered 
to a perfect surface and then stained if desired, although as 
french polishing is usually only done on timber with good 
figure, this is rarely necessary or desirable. It is then rubbed 
very lightly with raw linseed oil and filled with a preparation 
of whiting and methylated spirits to close the grain. This is 
wiped off and the polish applied with a rag-covered pad of 
cotton-wool. The polish consists of shellac dissolved in methy¬ 
lated spirits. Many applications are required and bright weather 
is necessary to obtain a good polish. A good polisher can pro¬ 
duce a very high gloss finish. A matt or egg-shell finish is ob¬ 
tained by rubbing down a high polish with pumice and linseed 
oil. 

Wax Polish. A more durable but dull polish is achieved by rub¬ 
bing beeswax into the pores of the timber. It is worked with 
linen rubbers, which are moistened with oil of turpentine to 
make them work smoothly. Modern polishing machines are used 
in joinery shops and for waxed floors. 

Spray Painting. Most industrial painting and enamelling is now 
applied by means of spray guns, and although this method has 
been used in a small way in decorative painting in building, its 
use is not general. There is, however, every possibility that its 
use will be extended. 
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Lime Wash. This is made with pure lime mixed with water, with 
fat added while the lime is hot. Earthy pigments may also be 
added to produce various tints, although the wash is more 
frequently used white. Most of the work previously done with 
lime wash, such as the exterior walls of cottages built with 
common bricks, is now done with cement paint, which makes 
a more enduring job. 



CHAPTER 20 
GLAZING 
Glass 

While it can be made from a variety of raw materials, com¬ 
mercially manufactured glass is a compound silicate made from 
silica (sand), soda and lime. Durability is dependent on the 
composition, the amount of lime being the principal factor. A 
wide range of glass is now available, there being at least one 
correct glass for every purpose. 

Plate Glass. This glass is first cast, then rolled, ground and pol¬ 
ished so that both faces are perfectly parallel and undistorted 
vision results. It is made in thickness ranging from £ inch to 1^ 
inches, and there are fixed maximum sizes for each thickness, 
as shown in the table. There are three grades: standard (G.G.) 
for general glazing purposes; selected glazing quality (S.G.) for 
best class work, mirrors and bevelling; and silvering quality for 
the highest grade mirrors. Plate glass is used for shop fronts, 
for glazing windows when the sashes are too large for sheet glass 
or where perfect vision is essential, for shelves, table-tops, mir¬ 
rors, show-cases and similar purposes. 


POLISHED PLATE GLASS STOCK SIZES 
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Fire-Polished Plate Glass. This is a fine quality glass made by 
the sheet process and fire-polished, used for special glazing and 
many of the purposes previously associated solely with polished 
plate glass. It is made in two thicknesses, ^ inch and £ inch. 

Sheet Glass. Most commonly used, sheet glass is a completely 
transparent glass obtained by blowing or drawing. It has a 
natural fire-finished surface, but the two surfaces are rarely per¬ 
fectly flat or parallel. This means that there is always a certain 
degree of distortion of vision and reflection, although it is 
frequently indiscernible. Sheet glass is graded in accordance 
with the freedom from imperfections contained in the sheets into 
the following qualities: Specially Selected, Builders', Factory 
Glazing, and Horticultural. 

Sheet glass varies in thickness as it is drawn. It is cut and 
graded into the following nominal thicknesses according to the 
weight per square foot: 16 ounces, 21 ounces, 26 ounces, 32 
ounces. There is a large variety of stock sizes. 

Figured Rolled Glass. The name describes this glass. During the 
process of manufacture a figure is impressed on its surface by 
means of a roller. It is used when privacy is required without 
materially effecting the light transmission. There are various 
patterns, with varying degrees of obscurity. Maximum sizes manu¬ 
factured are 108 inches by 48 inches. 

Kosciusko has a deep formal pattern on one side, giving a high 
degree of brightness and obscuring direct vision. It effects 
considerable diffusion with little more than 20 per cent light 
loss. There is also a Small Kosciusko. Arctic is the name of a 
similar imported glass. 

Waverley answers to the same general description as Kosciusko, 
the pattern being more wavy without sharp ridges. There is 
slightly more light loss. There is also a Small Waverley , while 
the imported glass, Flemish , is of similar pattern. 

Coogee has a much smaller pattern than either of the fore¬ 
going, and has almost complete diffusion. The light loss is not 
more than 20 per cent. Imported glass of the same pattern is 
known as G. 

Arrowhead is covered with a non-formal pattern somewhat 
resembling miniature arrowheads. It has much the same qual¬ 
ities and uses as Coogee. Similar imported glass is called Morocco. 
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Pyramid is well described by its name, the pattern being a 
non-formal arrangement of shallow and irregular shaped pyra¬ 
mids. There is also a Small Pyramid and similar imported glasses, 
which are called Glistre. 

Spotswood, similar to the imported Stippolyte, has a very small 
pattern, gives almost complete diffusion with more than 80 per 
cent light transmission, and is a popular glass because it does 
not accumulate dust. 

Glacier resembles the imported Dewdrop, which is something 
like a reduced representation of Small Pyramid, except that 
the units are of varying sizes and shapes. 

Euston has an impressed pattern intended to represent close 
hammering and in the imported glasses is known as Hammered 
Cathedral No. 2. It enjoys excellent light transmission with very 
little diffusion. Small Euston is a similar glass with a smaller 
pattern. 

In Dappled Cathedral glass, the pattern is not so pronounced 
as in Euston, and in Doable Rolled Cathedral it has almost 
disappeared. There is practically no diffusion with these glasses, 
as they are the least obscure of the figured rolled class. The 
percentage of light transmission is correspondingly high. 

Pinhead Morocco is a finely stippled glass, finer than Spots¬ 
wood, but with much the same characteristics. All the figured 
rolled glasses listed are obtainable clear, or in a range of tints. 

Washboard is made, as its name implies, principally for wash¬ 
boards, but it has a decorative value and is occasionally used in 
building. It is a rolled glass, one side being deeply impressed 
with a series of parallel flutes. 

Moderne Fluted is a refinement of this glass, and is much 
used for decorative light fittings, panels and similar purposes. 
It is made in either a clear or “satin” finish, the latter having a 
white finish on both faces obtained by the application of acid. 

Reeded Figured Rolled glasses are a modern development, 
specially designed to suit modern architecture. The various types 
are Reeded , in which the reeds are £ inch, Broaded Reeded , with 
J-inch reeds, Major Reeded , with If-inch reeds; Chevron Reeded , 
in which £-inch reeds are used in a chevron pattern, and Cross 
Reeded , which is reeded on both faces to form a cross pattern. 
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There are varying degrees of obscurity in the series, the larger 
reeds being the least obscure, Cross Reeded the most. Light trans¬ 
mission is about 83 per cent. 

Rough Cast is a translucent glass with both surfaces slightly 
uneven through contact with the table and rollers, resulting in 
slightly obscured vision. It is made in three thicknesses—^ inch, 
inch, and £ inch in Australia, while imported Rough Cast 
is up to ^ inch in thickness. 

Mill Rolled is impressed on one surface with a number of 
narrow parallel ribs, which diffuse light and prevent glare. It is 
made in three thicknesses—^ inch, inch, and ^ inch. 

Wired Glass. For use in roof lights and in factory or other 
glazing where there is a danger of fire, or where required by the 
fire underwriters, Rough Cast, Mill Rolled and Kosciusko glasses 
are made with hexagonal wire mesh embedded in the centre. 

Wired Georgian Rough Cast and Wired Georgian Polished 
are made with a square mesh wire netting embedded in the 
glass, and are considered more decorative than the other wired 
glasses. 

Toughened Glass. Ordinary plate glass which is subjected to a 
process of heating and sudden cooling results in a toughened 
glass with increased mechanical strength and greater resistance 
to impact and temperature changes. It disintegrates into small 
pieces and powder when broken and is not as dangerous as 
other glasses. 

Safety Glass. This consists of two layers of glass which are 
united as two-ply with a plastic interlayer between them. This 
adheres to the glass and prevents fragmentation on shattering. 
It, like toughened glass, is used in vehicles and aeroplanes rather 
than in building. 

Anti-actinic Glass. An obscure glass of a bluish green tint, and 
a texture resembling Double Rolled Cathedral, this glass has 
the quality of absorbing more than 80 per cent of the heat 
(infra-red) rays of the sun, with a 40 per cent loss of light. It is 
used for glazing factories and stores, and is valuable where cool 
temperatures are essential, the temperature reduction being 
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estimated at 10 per cent. It is made in three thickness—£ inch, 
^ inch and \ inch. 

Bent Glass. Made popular by changes in architectural design, 
bent glass is now widely used. Almost any kind of glass may be 
bent, but it is a separate process done after the glass has been 
manufactured. Bent glass is used for window glazing, shop fronts, 
counters and showcases and furniture. When looking from the 
convex side of the curve, vision is considerably distorted. 

Glazing in Wood 

Glass is not cut the exact size of the opening, but a clearance 
is allowed all round. In window glazing this is usually inch 
over all. Glass measurements are always given in inches. Sashes 
or doors to be glazed are well primed in the rebates first, so that 
the wood will not absorb the oil from the putty. A thin layer 
of putty is placed on the rebate and the glass pushed into posi¬ 
tion so that it beds on this. If the pane is large it is secured by 
headless sprigs, and the outer putty is then worked in the full 
depth and width of the rebate and splayed off. This is specified 
as “back-bedded, sprigged and puttied”. Sprigs are not used for 
small panes, but all are back-bedded. The putty used for glazing 
in wood is made up of thoroughly ground whiting mixed with 
linseed oil. 

Bead Fixing. For panels in interior doors, partitions and other 
glazing not subject to the weather, the glass is placed in the 
rebate and secured by means of a bead or mould. In the case 
of large panels of glass in doors, it is bedded in wash-leather, 
rubber or felt. 


Glazing in Metal 

For glazing in metal frames, the putty consists of ground whiting 
mixed with linseed oil and gold size in the proportion of 85 
parts of oil, by weight, and 15 parts of gold size. Holes are 
drilled in the frames for the insertion of small metal pins to 
serve as sprigs. 

Show-window Glazing. The glass in show-windows is usually 
placed in rebates in wood-filled metal framing, and held in 
position by wood beads. Where the glass is large it is bedded on 
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felt or similar material. In many cases angle bars and inter¬ 
mediate bars are omitted, and the glass butted and secured with 
special metal clips. 

The non-reflecting shop-window is made of two pieces of glass 
bent to portions of an ellipse, the junction of the two pieces 
being above the eye level. The installation of this type of window 
is a highly specialized operation, requiring elaborate glazing 
precautions. 


Other Glazing Methods 

Double Glazing. The object of double glazing is to provide a 
measure of sound or thermal insulation, or both. In the case of 
refrigerated show-cases, triple glazing is used. The glass is bedded 
in felt or rubber and glazed with putty on the weather side and 
wood beads on the inside. For sound insulation the space be¬ 
tween glasses should not be less than 4 inches when 26-ounce 
glass is used, ranging down to 2 inches with ^-incli glass. 

Lead Glazing. Lead cames of various widths and shapes are used 
in either free or geometrical patterns to frame in windows made 
up of small pieces of glass, made weatherproof by being set in 
a special cement. Steel-cored cames or iron saddle-bars are 
required to stiffen all but the smallest panes as the soft nature 
of the metal and the small pieces of glass have little resistance 
to wind or other lateral pressure. 

Copper Glazing. Assembled in a similar manner to lead glazing, 
this is far stronger, and lighter sections may be used if desired. 
Cames are either of a patent interlocking type or are electrically 
welded. It is used for all classes of decorative glazing, laylights 
and furniture; for fire-resisting construction; and for elevator 
doors and surrounds. 

Decorative Treatments 

While decorative panels of glass are obtained by lead and copper 
glazing, by the pattern of the cames and by the use of different 
types and coloured glasses, the surface of glass itself can be 
decorated in many ways. 

Leaf-gilding is chiefly used for lettering and decorative lines 
surrounding or associated with it. Gold or silver leaf is used 
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and is protected from damp at the back. This is a method of 
decorating glass by application to its surface. The following 
methods use the reverse process of taking away from the surface: 

Engraving is done by means of small revolving copper disks 
or wheels, of which different sizes are used for different work. 
The wheel is fed with oil and pulverized emery powder, with 
which it grinds the surface of the glass. 

Wheel-cutting is done by mild steel wheels and carborundum. 
Fine sandstone wheels are then used to smooth the work, and 
cork wheels for the final polish. 

For brilliant cutting, a sandstone wheel is first used, then a 
willow-wood wheel for smoothing, and a fibre brush for polishing. 

Acid-embossing is a highly decorative process of obscuring the 
surface by means of hydrofluoric acid. The amount of obscura¬ 
tion can be controlled and varying degrees obtained. 

Sand-blasting , which is used with many other materials besides 
glass, is a modern development of an old process. Sand of vary¬ 
ing degrees of fineness is projected on to the surface of the glass. 
Rubber stencils are fixed on with appropriate solution to protect 
the surface not to be treated, and when varying depths of sand¬ 
blasting are required on the one piece of glass, two or more 
stencils may be necessary. There are two kinds of sand-blasting— 
surface, and deep, or grave. They may be used in combination. 
Surface sand-blasting consists of stippling the surface of the 
glass, and may be graded and toned. Grave is really three- 
dimensional work and can be considerably helped by lighting. 
It is possible to cut very deeply into the glass without impairing 
its strength, tests showing that deep sand-blasted patterns do 
not divert or affect the line of fracture. 

Sand-blasted panels are frequently double glazed, a thin sheet 
glass being placed at the back, the edges of the two glasses being 
sealed to prevent condensation and the penetration of dust. 

Bevelling . A bevelled margin is frequently ground around 
glass panels and mirrors. There are various other treatments 
known as edge-work, which involve the grinding and polishing 
of the cut edges of the glass and the decorating thereof. Some 
of the standard bevels and edge-work—of which there are more 
than twenty—are shown in Fig. 100. 





DOUBLE BEVEL 
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Fig. 100. Margin Finishes in Glass. 































CHAPTER 21 

RETAINING WALLS 

Retaining walls are used either to retain water or earth. The 
materials used in their construction are generally either brick, 
stone or concrete. A wall or dam to retain water is designed to 
resist the horizontal pressure of the water. In the case of a wall 
to retain earth or similar material, the quantity of material 
contained within the triangle formed by the plane of rupture, 
the back of the retaining wall and the top of the bank, is 
all that the wall is called upon to resist. 

Small Dams 

The water pressure on the back of the wall of a dam obviously 
varies in proportion to the height, from nil at the top of the 
dam to a maximum at the bottom—or nil at A in Fig. 101 to 
a maximum at B. Or, as it is put in the laws of fluid pressure, 
“the pressure at any part is directly as the height of a vertical 
column of water above that part, and is perpendicular to the 
surface pressed against”. In order to design the wall of a dam, 
then, it is only necessary to determine the pressure exerted 
against it and design a wall strong enough to resist that pressure. 

A simple way to do this in the case of a small dam with a 
vertical back to the wall is shown in A, Fig. 101. As the line 
AB represents the height of the wall and the pressure increases 
in direct proportion a triangle ABC, in which the point C is 
the same distance horizontally from B as A is in a vertical 
direction, must represent the pressure at the back of the wall. 
The pressure line P assumes that the pressure acts through its 
centre of gravity, which is one-third up from the base of the 
wall. The area of the triangle is multiplied by 1 foot and the 
volume of water thus obtained multiplied by the weight per 
cubic foot, which is 10 pounds. This gives the pressure on 1 
foot run of wall at the pressure line. 



Fig. 101. Dam Diagrams. 




























































































310 Australian Methods of Building Construction 

The same principle of fluid pressure is applied in a slightly 
different manner in B, Fig. 101, for which a wall with sloped 
back is assumed. As the pressure is perpendicular to the surface 
of the wall, the line BC is perpendicular to the line AB. But 
as the pressure varies directly as the height of a vertical column 
of water, a line is drawn vertically from the point B to the 
point D. The length of the line BC is the same as the line BD. 
The line representing the centre of pressure is perpendicular to 
the line AB. The weight is the one foot run of the triangle of 
water shown by ABC. 

Theories of Pressure 

Angle of Repose. There are several theories to do with the 
thrust of the earth, but it is doubtful if any of these are wholly 
satisfactory. From them have been developed various methods 
of determining the thickness of walls to retain earth, and that 
which depends on the angle of repose is the most used. The 
angle of repose is the angle of natural slope for earth and 
similar materials, the angle beyond which no further movement 
from the mass takes place. James Nangle, in Australian Building 
Practice , gives the angle of repose of materials most likely to 
be retained in the following table: 

ANGLE OF REPOSE OF VARIOUS MATERIALS 


Material / 

Angle (degrees) 

Sand 

25 

Earth 

30 

Drained clay 

45 

Gravel 

48 


Wedge Theory. One of the most used theories for calculating 
the dimensions of retaining walls depends on the assumption 
that a wedge-shaped section of material immediately behind the 
wall would slide away from the retained mass were the wall to 
be removed. The dimensions of this wedge depend on the angle 
of repose of the material retained, and are obtained by bisecting 
the angle that remains between the angle of repose and the 
back of the wall (A, Fig. 102). 

The height of the retaining wall is represented by the line 
AB at its back. The angle of repose is set up from the point B, 
the natural slope being represented by the line BC. The bisec- 
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tion ol the angle between the lines AB and BC, results in the 
line BD, which may also be determined by the use of the for¬ 
mula: The angle ABD = — — ^ when = the angle of repose. 

The triangle ABD is then the wedge of material to be resisted 
by the wall. 

The weight of the wedge of material ABD acts vertically 
through its centre of gravity. To represent this a line is drawn 
through the centre of gravity until it intersects the line BD. 
This line is marked EG on the diagram. A line drawn from the 
point E perpendicular to the line BD would indicate the 
theoretical direction of the reaction. It is assumed, however, that 
the surface of the wedge mass would not be smooth and friction 
would modify the direction of the reaction. To allow for this, 
a line is drawn from the point E at an angle equal to the angle 
of repose of the material between the new line EH and the 
theoretical reaction line EF. The weight of one unit—usually 
one foot run—of the wedge is calculated, and the line EG 
measured off to represent this to scale. EH is extended until a 
horizontal line from the point G intersects it, locating the point 
H. The length of the line GH is then the horizontal component 
of the weight which acts at E and tends to overturn the wall. 

Reducing this to a formula: 


Moment of __ Weight of y friction } 

earth thrust “ prism of earth ^ factor A ° ’ 


Me 


_ [ ( 90 — <p 

~~ | w X 1 X h X h tan V 2 


X ( tan 


90 


i) 


X 


when the height of the wall, AB — h and the height of the point E = — . 

3 


The thickness of the wall at the base can be ascertained 
diagramatically by extending a vertical line from the centre of 
gravity of the wall through the horizontal line from the point 
E at M, to a point N. The length of MN is the weight of the 
wall to scale. The line MO is the pressure of the material to 
the same scale. The rectangle is completed and the extended 
diagonal must be within the wall at the base. 

Application of Theories 

Bank with Surface Slope. When there is a bank with a surface 
slope above the level of the top of the retaining wall, the same 
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principle is applied but the diagram is slightly varied (B, Fig. 
102). The line BD is extended so that the point D is at its inter¬ 
section with the line of surface slope. The line AB is extended 
to a point J, which is at the intersection of a horizontal line 
from the point D. The mass is then assumed to be that enclosed 
by the. triangle or wedge ADJ. When the line GE is drawn ver¬ 
tically through the centre of gravity of this wedge, it will be 
found that the horizontal line from the point E cuts the wall 
much higher up than is the case when the material behind the 
wall is flat. The diagram is then completed as before. 

Alternative Method. Fig. 103 illustrates an alternative method 
used for both a flat surface behind the wall and a surface slope. 
The back of the retaining wall is represented by the line AB. 
From the point B a line BC is set up, making the angle ABC 
equal to the angle of repose of the material. A horizontal line 
from the point A intersecting the liffe BC determines the 
position of the point C. An arc is then drawn, using the point 
C as centre and the distance AC as radius, from the point A 
until it intersects the line BC at the point D. 

From this the horizontal component of the pressure of the 
wedge at a point O, one-third of AB, may be determined by 

W 

the use of the formula: (DB) 2 , when W equals the weight 

in pounds of a cubic foot of the material to be retained, and 
DB is measured in feet. The result, which will be in pounds, is 
the horizontal pressure. 

Adapting this method when the bank behind the wall has a 
surface slope, the line AC is not horizontal, but the line of 
slope is continued until it intersects the line BC, thus deter- 

BC 

mining the point C. A semicircle with a radius of-^- is then drawn 

from the point B to the point C. A line is then drawn from 
the point A perpendicular to the line BC, passing through this 
line to intersect the semicircle at a point E. Then with C as 
centre and CE as radius, an arc is drawn from the point E until 
it intersects the line BC at D. The formula is then applied to 
determine the horizontal component of the pressure of the 
wedge acting at the point O. The result is measured along the 
horizontal line OP to a scale. The line OR is then drawn 
parallel to the surface slope, its length being determined by a 
vertical line from the point P. The line OR gives both the direc- 
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tion of the pressure of the material on the wall and its 
magnitude. 

The result of this pressure is an overturning effect, which is 
assumed to take place at the outer extremity of the middle half 
of the wall at its base—the point X in the diagram (B, Fig. 103). 
The moment here is P X XY, P being the pressure and XY a 
line drawn from the point X perpendicular to the line OR until 
it intersects the extension of that line at Y. 



Fig. 104. Reinforced Concrete Retaining Walls. 


The weight of the wall acts vertically through its centre of 
gravity, the moment about X in that case being W X XZ, when 
W = the weight of the wall, and XZ the distance from the 
line of the force to the outer extremity of the middle half. 

The triangle of forces may also be applied as an alternative 
as in the previous method, the diagonal passing through the base 
line within the middle half. 


Moment of Resistance. Quoted in the foregoing example as 
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W X XY, from the diagram, the moment of resistance of a 
retaining wall may be stated as: 

MR = weight X cubic contents X leverage. 

The leverage varies with different methods and different types 
of walls, but in almost every method it is necessary to assume a 
working thickness and test graphically. 

Types of Retaining Walls 

Formerly almost all retaining walls were of either brickwork or 
masonry. Now, however, reinforced concrete is frequently used. 
In many cases where brickwork is used, and in almost every 
case where the material is reinforced concrete, walls with 
counterforts or piers behind them are now general practice. 
This method has proved the most economical. Reinforced con¬ 
crete retaining walls are invariably designed with a vertical face 
(Fig. 104), but brick or masonary walls frequently have either 
a straight or curved batter. The same methods of design are 
used in reinforced concrete walls, the earth pressure and direc¬ 
tion of thrust being determined, and a wall designed to resist 
them. 





CHAPTER 22 

SHORING AND UNDERPINNING 
Shoring 

The provision of temporary support of almost any kind by props 
of timber is covered by the general term, shoring. The shoring 
or timbering of trenches is dealt with in the chapter on “Foun¬ 
dations”. The supporting of timbering or form work for rein¬ 
forced concrete work until the latter has set is a form of shor¬ 
ing. So is the supporting by a central strut of angles and girders 
over openings which may show deflection under the weight of 
wet brickwork, but will be quite safe when the brickwork has set. 

As well as these simple forms of shoring, it sometimes becomes 
necessary to shore up or support portions of an existing struc¬ 
ture which, by reason of subsidence, partial failure or collapse, 
or some other reason, are unsafe and in danger of collapse. In 
addition to this, alterations to existing buildings, which are 
frequent in the cities, generally necessitate the shoring-up of 
portion of the structure while the alterations are being effected. 

For the temporary support of unsafe walls two types of shores 
are most commonly used, the choice depending on the circum¬ 
stances. The raking shore is that more often met with, while 
the flying shore is used when conditions are suitable. The ver¬ 
tical, or dead shore, is used mainly in connection with under¬ 
pinning. 

Raking Shores. When there are no adjoining buildings to afford 
support, it is obvious that the thrust from a faulty wall must 
be brought to earth, from which it can be supported. Raking 
shores do this by what is, in its simplest form, a system of tri¬ 
angular framing (Fig. 105). The longest sides of the triangle are 
the two raking shores, while the third side is the wall plate. 
This latter is placed vertically against the wall, and is long 
enough to cover the points of thrust, which are usually at floor 
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and ceiling or roof levels. The wall plate is mortised to receive 
stout needles against which the heads of the shores abut. A 
half brick is removed to permit the needles to project into 
the wall. The heads of the shores are notched to fit the needles. 
Experience will show the correct heights at which to fix the 
struts, for they must not only resist the thrusts from the faulty 
wall, but there must be something behind the shores to resist 
their thrust and prevent the wall from being pushed in. 

The shores at their feet come down on to a sole plate, which 
must be on a solid bed to prevent settling. When they are 
forced tight, the smaller shore is spiked to the sole plate, while 
a cleat at the heel prevents the larger shore from slipping back. 
The shores are secured together at the foot with hoop iron or 
battens, and further battens or struts may be used near the head 
of the smaller shore. When the building to be shored up is more 
than two storeys in height, an additional shore is used to take 
the thrust at each floor level, and all are secured together at 
intervals as required. The general principles shown in Fig. 105 
may be extended almost indefinitely. 

The spacing apart of the shores is determined on each job, ac¬ 
cording to the circumstances and the state of the wall to be 
supported. On blank walls without windows, the shores may be 
from 8 feet to 15 feet apart. When walls are pierced with win¬ 
dow openings, as is more often the case, the shores are obviously 
placed against the piers between openings, but it may not be 
necessary to use shores at every pier. Piers which support floor¬ 
carrying girders must be shored. 

Flying Shores. This system of shoring is used when a vertical 
support is available within a maximum of 30 feet from the wall 
to be shored. It may be used between two adjoining buildings, 
across a light area, or in similar circumstances. It is also used 
as a precautionary measure when excavation and other work 
has to be done between two buildings. 

Wall plates are secured against each wall, and the horizontal 
shore placed between them at the selected point of thrust, and 
wedged tight (Fig. 106). When the distance between walls is 10 feet 
or less, this is usually all that is necessary. For larger spans, needles 
are used through the wall plates immediately below the shore and 
struts are used both above and below the shore. These are placed at 
an angle of 45 degrees, and are arranged to coincide with a 
point of thrust for the same reasons as described under “Raking 
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Shores”. They are secured to the wall plates and cleats are used 
to prevent movement. Straining beams are secured on the upper 
and lower faces of the shore, against which the struts are butted. 
Any slack is taken up by wedges at these points. The advantage 
of flying shores over raking shores is that the ground area below 
is left clear for working. 



Fig. 106. Cross or Flying Shores. 
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Shoring and Underpinning 

Vertical Shores. Alterations to existing structures, especially in 
the city areas, frequently entail the construction of show- 
windows or larger openings at the ground floor level. While 
the walling is being cut away and beams or girders inserted to 
span the larger openings, the upper portion of the building 
must be supported. This is done by means of vertical, or dead, 
shores. Occasionally raking shores are used in conjunction with 
vertical shores. 

The first requirement is to support the floors, ceilings and 
roof so that the wall may be relieved of their weight. Vertical 
struts, with head and sole plates, and bracing if necessary, are 
placed a few feet away from the wall between each floor, and 
are wedged up tight so that all this weight is conveyed to earth, 
or to the lowest floor if it is solid (Fig. 107). Window openings 
are made safe with a wall plate against each reveal, held secure 
with strutting. 

The wall is then pierced a short distance above the level at 
which the new beam is to be inserted. Through these holes are 
passed the needles, or horizontal supporting members. These are 
carried on the vertical shores, which are placed one within the 
building and the other outside, resting on sole plates on solid 
bearing. The needle is securely spiked to the heads of the shores 
and then wedged up tight over one shore. In brickwork, which 
is usually the material to be supported, needles are placed not 
more than 6 feet apart. 

When the shoring is in position, the brickwork below the 
level of the needles is removed and the new beam secured in 
its correct position immediately below the needles. When the new 
beam has set, the brickwork necessary to fill in between it and the 
existing work is built, care being taken to fill this in solid, so 
that there will be no settling. When this is set, the wedges are 
knocked out between the shore and needle and the needle 
removed. The holes through which the needles passed are then 
built up. Finally floor, ceiling, roof and window strutting are 
removed, some days being permitted to elajase between the 
removal of the wall shoring and the floor shoring, when the wall 
will again bear the full weight. 

Underpinning 

The work described above is known as underpinning a super¬ 
structure, but the term underpinning is generally interpreted as 




Fig. 107. Needling or Vertical Shoring. 
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Shoring and Underpinning 

meaning underpinning basewalls and footings. It may be neces¬ 
sary to build new footings below existing ones for one of several 
reasons. When a new building is built directly alongside an 
existing building, the footings of which do not extend to the 
same depth as those necessary for the new building, the footings 
of the existing building must be extended to the same level as 
those of the new, unless they rest on a solid rock foundation. 
This problem is frequently met with when the new building is 
to have a basement and the existing building was built without 
one. Underpinning footings may also be necessitated by the 
partial failure of a building through subsidence, or when addi¬ 
tional storeys are to be built on to a structure. 

It is frequently necessary to support walls to be underpinned 
with raking or flying shores. When this is done, the excavation 
under the existing footings down to the new level is commenced, 
small portions of 4 feet to 5 feet being done at a time, with a 
similar length of solid material left between each excavation. 
Sometimes it may be considered desirable to leave twice the 
width of each excavation, later cutting this out in two equal 
sections. Each small section is built up to the underside of the 
existing foundations, usually in brickwork. It is toothed at each 
side for bonding in, and packed well up under the existing 
work. When the first piers are set the material between them is 
excavated and the building up completed. Concrete is some¬ 
times used for underpinning footings; but brickwork is pre¬ 
ferred because there is less danger of shrinkage causing settle¬ 
ment, as most of the shrinkage in the cement mortar takes place 
in each course almost while it is being built. 
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APPENDIX 

BUILDING REGULATIONS, ORDINANCES AND CODES 

QUEENSLAND 

The main ordinances which affect buildings in the City of Brisbane are: 
Chapter 12. Health Ordinances 
Chapter 13. Private lines for dangerous liquids 
Chapter 14. Petrol pumps, air standards, water standards 
Chapter 16. Theatres and places of public amusement 
Chapter 19. Two-storey buildings 
Chapter 23. General building ordinances 
Chapter 35. Residential districts 
Chapter 41. Water supply and sewerage 
Chapter 42. Public safety and convenience 
Chapter 48. Flats, boarding houses, etc. 

Queensland Health Act, and Lifts and Scaffolding Regulations 
CounciPs Ordinances are available at prices averaging about Is. 6d. per 
copy. 

For the remainder of the state of Queensland each Local Authority has 
its own set of ordinances. Some are issued free, while there is a charge for 
others. 


NEW SOUTH WALES 

S.A.A. Code for Structural Steel in Building. Price 2s. 6d. 

S.A.A. Code for Concrete in Building. Price 2s. 6d. 

Obtainable from the Standards Association of Australia, Science House, 
Gloucester Street, Sydney. 

Sydney Municipal Council By-Laws (Steel and Concrete and Steel Framing 
Construction). Price 2s. 

Procurable from Sydney Town Hall. 

Local Government Ordinance No. 70 (applies to buildings in declared popu¬ 
lation areas other than those specifically mentioned on page 1 of Local 
Government Ordinance No. 71). Price 9d. 

Local Government Ordinance No. 71 (applies to suburbs of Sydney and 
Newcastle, the city of Newcastle and certain specified town areas). Price Is. 3d. 

Procurable from the Government Printing Office, Phillip Street, Sydney. 
Regulations under Heights of Buildings (Amendment) Act, 1916. Price 3d. 
Regulations under Theatres and Public Halls Act. Price Is. 

Lifts and Scaffolding Act, 1912 (with Regulations). Price Is. 3d. 

Fire Brigades Act, 1909. Price Is. 
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Metropolitan Water and Sewerage Act of 1880. Price 2s. 

Factories and Shops Act (with Regulations) 1912. Price 2s. 3d. 

Procurable from the Government Printing Office, Phillip Street, Sydney. 

VICTORIA 

City of Melbourne By-Law No. 220, with amending by-laws Nos. 227, 231, 
232, 237, 241, 248, 251, 253, 257, 264. 

Available at the offices of the City Architect. 

For the remainder of the state of Victoria each Local Authority has its own 
set of ordinances, a charge being made in most instances. A uniform building 
code for the entire state has been prepared, and is expected to be im¬ 
plemented in the immediate future. 

Tasmania 


Building Regulations. Price Is. 

Building Act. Price Is. 

Two Amendments to Building Act. Each, price 6d. 

Factories Act. Price Is. 6d. 

Procurable from the Government Printing Office, Public Buildings, 
Davey Street, Hobart. 


SOUTH AUSTRALIA 

S.A.A. Concrete Code, C.A.2. Price 3s. 

S.A.A. Welding Code, C.A.8. Price 2s. 6d. 

Procurable from the Standards Association of Australia, Alliance Build¬ 
ing, Grenfell Street, Adelaide 

Building Act, 1923-1940 and Regulations. Price 7s. 6d. 

Local Government Act, 1934-1941. Price 8s. 6d. 

Procurable from the Government Printer, North Terrace, Adelaide. 

The Building Act applies in the city of Adelaide and in most Municipalities 
and Districts throughout the state, in conjunction with local by-laws made 
in accordance with the provisions of the act, and obtainable from the various 
councils. 
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Acacia melanoxylon , 73 
Acid-embossing of glass, 306 
Ackama ?ntielleri, 74 
Adelaide, building regulations in 328 
A gat his australis, 84 
palmerstoni, 83 
robusta , 83 

Aggregate, in concrete- 
coarse, 194-5 
fine, 194, 195 
Air bricks, 41 
Air drying of timber, 65 
Alder- 
brown, 74, 88 
pencil, 74 
rose, 74, 92 

Angle of repose, theory of (lie, 310 
Apron flashing, 239 
Araucaria bidwilli , 81 
cunningharnii , 82 
Arches. 43-5 
flat, 43 

mortar for, 27 
relieving, 44-5 
segmental, 44 
semicircular, 43-4 
Architraves, 142, 154-5 
Arctic glass, 301 
Arrowhead glass, 301 
Asbestos cement, 102, 118, 120, 297 
corrugated, 124, 130, 227, 229, 235, 
237 
Ash- 

alpine, 66, 72, 86, 93, 94 

blueberry, 73, 88 

bumpy, 79 

coast, 70 

crow’s, 80 

hickory, 68, 86, 92 

Moreton Bay, 92 

mountain, 66, 70, 75, 88, 93, 94 

pigeon-berry, 77 

red, 66 

silver, 79, 89, 92 
silver-top, 70, 87, 93 
southern silver, 79, 89 
white, 80 


Ashlar, 16, 18, 20 
Asphalt roofing, 227, 233, 235 
Atherosperrna inoschatum, 77 
Athrotaxis selaginoides, 82 
Aua, 83 
Augite, 14 

Australian Building Practice, 310 
Australian Sanitaiy Engineering, 277 

Ballrooms, loading of floors of, 181 
Balusters, 162 
Bangalay, 67, 88, 93 
Barrel, brown, 67, 86, 93 
Basalt, 14 

Basements, dampcourse in, 41 
Basins, 257 
Baths, 257 
Bats, 31 

Bead-fixing, in glazing, 304 
Bead-butt panels, 147 
Bead-flush panels, 147 
Beams, 170-87, 198-211 
design of, 182-4, 201-5 
I-, 170. See also Joists, rolled steel 
loading of, 111-13, 181-2 
principles of structural design of, 
170-8, 198-200 

reinforced concrete, 196, 197, 198- 
206 

continuous, 205-6 
steel, 170, 183-7 
storey posts and, 110-13 
T-, 208-11 

timber, 110-13, 170, 182-3 
Bean- 

black, 73, 88 
red, 76, 89 
walnut, 76 
white, 80 
yellow, 80 

Bearing value of site material, 2 6 

Bed joints, 31 

Beech- 

Antarctic, 72, 88 
bolly, 74, 88 
brown, 74, 79 
colonial, 80 


X 
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Beech —continued 
laurel, 79 
Mazlin’s, 75, 88 
mountain, 77 
myrtle, 79, 93 
negro-head, 72 
reel, 72, 74, 76, 79 
scaly, 79 
she, 74, 79 
silky, 78, 79 
silver, 79 

Tasmanian, 79, 93 
white, 80, 89 
yellow, 74 

Beilschmiedia obtusijolia, 74 
Bevelling of glass, 306 
Birch- 
brown, 79 
cherry, 80 
white, 80, 89 
yellow, 79 

Birdsmouth joint, 103, 106 
Bituminous roofing, pliable, 227, 233- 
5, 237 

Black jack, 73 

Black soil plains, building con¬ 
ditions on the, 4 
Blackbutt, 67, 86, 92, 93, 115 
heart rot in, 63 
pink, 72 

Western Australian, 72, 87, 94 
Blackwood, 73, 88, 115 
Bloodwood, 64, 67, 86, 92, 93 
brown, 92 
red, 92 

Boarding-houses, electrical installa¬ 
tions in, 263 

Boards, manufactured building, 95- 

102, 118 

asbestos cement, 102 
hard, 95, 96, 98 
plywood and veneered, 98-102 
soft, 95-6, 102 

Bolection mouldings, 147, 148 
Bollywood, 74 
Bond, in brickwood, 29 
Colonial, 31, 32, 34 
English, 31, 32, 34 
Flemish, 31, 32, 34 
Garden Wall, 32, 34 
stretcher, 31 

Bond stress, in concrete beams, 
202-3 

Bondwire, 45 
Book leaf, 18 
Booyong, 73, 74 


Borers, 84, 85 
marine, 69, 71 
pinhole, 64-5 
powder post, 65, 83 
shot-hole, 84 
Box- 
black, 93 

brush, 67, 86, 92, 93 
coast grey, 93 
green-top, 68 
grey, 64, 68, 86, 93 
heart rot in, 63 
red, 64, 93 
satin, 78 
soap, 78 
swamp, 71 

yellow, 64, 72, 81, 93 
Brackets, use of, with beams and 
columns, 192 
Breeze blocks, 48, 50 
Brick veneer construction, 118-20 
Bricks, 26, 28-9 
air, 41 

colour of, 29 
double pressed, 29 
dry pressed, 28 
glass, 50, 52 
plastic, 28 
qualities of, 28-9 
sandstock, 28 
special, 48 
wire-cut, 28 
See also Brickwork 
Brickwork, 23, 26-50 
arches in, 43-5 
average weight of, 182 
bonds and cavity walls in, 31-4 
dampeourse and flashing in, 39- 
41 

decorative, 48 
fireplaces in, 41-3 
in timber frame construction, 118 
materia 1 used in, 20, 26-9, 48, 
50-2 

reinforcing, jointing, and finishing 
in, 45-8 

remodelliiv boards over, 95, 

96 

terms usu.. . , 29-30 
thickness of walls in, 34, 37 
See also Bricks 

Brisbane, building ordinances in, 
327 

Building boards. See Boards, manu¬ 
factured building 
Building up. See Laminating 
Building Regulations, State, 327-8 
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Bunya bunya, 81 
Butting, 103 

Cabinet work, timbers suitable for, 
88, 89 
Cadaga, 92 

Callitris calcarata, 82 
glauca, 82 
Callows, 28 

Canberra, sewerage regulations in, 
249 

Candlebark, 93 
Carabeen, 92 
grey, 80 
white, 80 
yellow, 80, 89 
Cardxuellia sublimis, 78-9 
Carpentry, 103-37 
ceiling joist, 121-2 
floor, 108-17 

in brick veneer construction, 118- 
20 

in timber frame construction, 118 
joints used in, 103-6 
roof, 123-37 

use of timber connectors in, 106, 
108, 130-2 
See also Joinery 
Carriage piece, 159 
Carrobean, grey, 73 
Casement windows, 154 
Castanospermum australe, 73 
Cathedral glass— 

Dappled, 302 
Double Rolled, 302, 303 
Hammered, 302 
Cavity walls, 31-4 
Cedar, 75, 77, 88, 144 
Cairns pencil, 77 
pencil, 74, 76, 92 
red, 75 
tulip, 80 
white, 80, 89 
yellow, 81, 89 
Cedrela australis, 75 
Ceilings— 

boards for, 96, 98 
fibrous plaster, 285, 287 
joists of, 121-2 
metal, 57 
Cement- 

asbestos. See Asbestos cement 
painting of, 296-7 
Portland, 27, 102, 193-4 
Central heating, 278 
Ceratopetalum apetalum, 75 
virchowii , 78 


Chamfer, 140 
Cherry, white, 80 
Chestnut, Moreton Bay, 73 
Chicago water supply, 242 
Chimneys, 27, 43 
Churnwood, 78 
Cisterns— 

flushing, 244, 246 
low-down, 246 
siphonic suite, 246 
Clay— 

as site material, 2, 3-4, 9, 10, 13 
confined, 2 
hard, 2, 3-4 
in brickwork, 26 
in terra-cotta, 24 
soft, 2, 4 
Clinkers, 28, 29 
Closers, 31 
King, 31 
Queen, 31 
Closets— 

chemical, 256 
water. See Water closets 
Coach wood, 75, 88 
Cocks— 
bib, 244 
hose, 244 
low pressure, 244 
main, 243 
pillar, 244 
plug, 244 
shower, 246 
stop, 246 
Co gg in g. 104 
Collar ties, 128 
Columns— 
casing of, 192 
design of, 170, 187-92 
loading of, 188-90, 192 
reinforced concrete, 197, 211-13 
steel, 187, 188-92 
timber, 187, 188 
use of brackets with, 192 
Commons, 28, 29 
picked, 28, 29 

Compression members in truss de¬ 
sign, riveting of, 224 
Concrete, 193-213 
average weight of, 182 
boards for, 98 
constituents of, 193-5 
encasing of steelwork in, 192 
mixing of, 195-6 
painting of, 296-7 
placing of, 196-7 
reinforced, 197-213 
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Concrete —continued 
beams, 198-206 
columns, 211-13 
stairs, 211 
shrinkage of, 196 
testing of, 197 
wood floors over, 113-15 
Conductors for electrical installa¬ 
tions, 264-6 
aerial, 264-5 
foV sub-circuits, 265-6 
size of, 264 
underground, 265 

Conduit, in electrical installations, 
268-9 

Connectors, timber- 
types of, 106, 108 
trusses with, 130-2, 216 
Coogee glass, 301 
Cooloon, 73 
Copings, mortar for, 27 
Copper roofing, 227, 235 
Corbelling, 48 
Cordova mission tiles, 237 
Coreboard, 140 
Corestock, 88, 89, 100 
Cork floor tiles, 289-90 
Corkwood, 74 

Cornices, use of, in plastering, 287 
Council of Scientific and Industrial 
Research, 92 
Course, in brickwork, 29 
Crab apple, 80 
Cryptocarya glaucesceris , 79 
oblata, 75 
erythroxlon, 77 
Cudgerie, 79 
Cupboards, 163-6 
bedroom, 163 
kitchen, 163-6 
Cut-tail, 67 

Cylinder system of water-heating, 
246 

Dacrydium cupressinum , 85 
franklinii , 82 
I)anion i, 83 
Dampcourse, 39, 41 
Dams, retaining walls for, 308-10 
Daphnandra micrantha , 77, 78 
Dead finish, 92 
Deal- 
native, 81 
white, 85 

Deflection in beams, 179-80 
Dewdrop glass, 302 
Dicrite, 14 


Distemper, 297-8 
Dolerite, 14 
Dolomite, 15 
Doors, 144-9 
cupboard, 163 
flush, 148-9 

framed and braced, 146-7 
framed and panelled, 147 
frames of, 57, 144 
glazed, 148, 149 
jamb linings for, 144, 146 
ledged, 146 

ledged and braced, 146 
metal, 54, 57 
panelled, 147-8 
sash, 148 
stock, 149 
Dorea, 83 
Dote in timber, 63 
Dovetailing, 103, 104, 138 
lap, 138 
mitred, 138 
of halving, 138 
of housing, 138 
secret, 138 
stop, 138 

Dowelled joints, 106 
Downpipes, 229, 239-41 
Doze in timber, 63 
Dracontomelum magniferum , 83 
Drainage- 

house, 250, 252-4. See also Plumb¬ 
ing and Sewerage 
subsoil, 6 
Dressing, stone, 22 
Dysoxylon fraseranum, 77 
muelleri, 76 

Earthing, 266-8 

direct system of, 267 
earth leakage circuit-breaker 
system of, 267, 268 
multiple earthed neutral system 
of, 267 
Eaves, 135-7 
boxed, 136 

concealed gutter, 136 
corbelled, 136, 137 
roof-anchorage for, 137 
soffit-lined, 136 
top-lined, 136-7 
Edge rolls, 229 
Elaeocarpus grand is, 73 
obovatus , 73 

Electricity. See Installations, Elec¬ 
trical 
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Elevators, S.A.A. rules for electrical, 
263 

Elm, crow’s-foot, 74 
Embothrium wickliami , 75 
Enamel, 297 
End splits in timber, 63 
Encliandra pahncrstoni, 76 
virens, 76 

English bond, 20, 34 
Engraving of glass, 306 
Eucalyptus acmenioides, 69 
amygdalina, 70 
bicostata, 67 
botryoides , 67 
came a, 69 
coiymbosa, 67 
crebra, 69 
dalrmypleana, 69 
delegatensis, 66 
divcrsicolor, 69 
dives, 70 
eugenioidcs, 72 
fastigata, 67 
gigantea, 66, 72 
hemiph loia, 68 
leucoxylon, 72 
macrorrhyncha, 70 
maculata, 70 
maideni, 67 
marginata , 68 
melanophloia, 70 
melliodora, 72 
microccnys, 71 
muelleriana, 72 
obliqua, 71 
paniculata, 68 
patens, 72 
pilularis , 67 
piperita , 69 
propinqua , 68 
radiata, 70 
regnans , 75 
resinifera , 70 
rostrata, 69 
saligna , 71 
siderophloia , 67 
sideroxylon, 70 
sieberiana, 70 
tercticornis, 68 
umbra , 69 
Euston glass, 302 

Facing- 
stone, 22-4 
terra-cotta, 24 

Factories, loading of floors of, 181 
Fan truss, 132, 216, 220, 222-3 


Fanlights, 144, 149-50 

Felling season for timber, 61 

Fibre stress in beams, safe, 180-1 

Fibrous plaster, 285-7 

Fig, blue, 73 

Fink truss, 132 

Fir, 85 

Douglas, 84 
Fireplaces, brick, 41-3 
Fires— 
gas, 277 
open, 277 
Fishing, 103 

Fittings in electrical installations, 
270, 272-3 

Fixings in joinery, 142, 144 
Flashing, 39, 41, 229, 237-9 
apron, 239 
raking, 238-9 
step, 237-8 

Flats, electrical installations in, 262 
Flemish bond, 20, 34 
Flemish glass, 301 
Flindersia acuminata, 79 
australis, 80 
bray ley ana, 76 
ifflaiana, 68 
pubescens , 79 
schottiana, 79 
Floors— 

composition, 290 
ground, 108, 113 
hard board, 98 

loading of, 108-9, 110, 111-13, 181 
parquet, 115 
rubber, 290-1 
sound-proof, 113 
tiled, 289-90, 291 

timbers suitable for, 86, 87, 88, 89, 
90, 115 

upper, 109-10, 113 
wood over concrete, 113-15 
Flues, 43 
Flush joints, 46 
Flush valves in cisterns, 246 
Flyers, 159 
Footings— 
blob, 1 
brick, 9 
column, 10 
continuous, 1 
insect attacks on, 64 
island, 1 
old, 13 
pier, 9-10 
pile, 10-11 

regulations concerning, 7 



Index 


336 

Footings— continued 
reinforced concrete, 7-9 
stone, 9 
strip, 1, 6-7 
timbered, 10 
underpinning of, 323 
upper floor, 110-11 
width of, 6-7 
See also Foundations 
Foundations— 

bearing value of, 2-6 
definition of, 1 
See also Footings 
Fox wedges, 106 
Foxtail wedging, 106 
French Polishing, 298 
Frieze rail, 147 
Frogs in brickwork, 31 
Funicular polygon in truss design, 
222 

Furniture beetle, 84 
Furrowed face in stone, 20 

Gables, 123 

Galvanized iron roofing, 236, 296 
corrugated, 124, 130, 227-9, 235, 237 
flat, 227, 235 
Garages, 123, 181 
Gas fires, 277 
Geissois benthami , 74 
Georgian Polished glass, Wired, 303 
Georgian Rough Cast glass. Wired, 
303 

Glacier glass, 302 
Glass, 300-4 
anti-actinic, 303-4 
bent, 304 

decorative treatment of, 305-6 
figured rolled, 301-3 
plate, 300-1 
roofing, 235-6 
safety, 303 
sheet, 301 
tiles, 235 
toughened, 303 
wired, 303 
See also Glazing 
Glazing, 300-7 
bars, 54 
copper, 305 
double, 305, 306 
in metal, 304-5 
in wood, 304 
lead, 305 

show-window, 304-5 
See also Glass 
Glistre glass, 302 


Gmelina leichhardtii, 80 
Gothic truss, 122 
Granite, 14, 15, 20, 182 
Gravel, as a foundation, 2, 3, 9 
Gr evil lea robusta, 79 
“Grog", 24 
Gum¬ 
boil y, 74 
blue, 67, 86, 92 
flooded, 92 

forest red, 64, 68, 86, 92, 93 
giant, 75 

grey, 64, 68, 86, 92, 93 

maiden’s, 67, 93 

manna, 69, 93 

mountain, 69, 86, 93 

Murray red, 69, 87 

pockets in timber, 63 

red, 63, 64, 69, 71 

ribbon, 69 

river red, 93, 94 

rose, 92, 93 

salmon, 94 

shining, 93 

southern blue, 93 

South Australian red, 72, 93 

spotted, 70, 87, 92, 93 

spotted blue, 67 

stringy, 66 

sugar, 93, 94 

Sydney blue, 71, 81, 93 

swamp, 75, 93 

veins in timber, 63, 67 

water, 92 

white, 69 

yellow, 64, 72, 87, 93, 94 
Gutters, 134-5 
box, 123, 134, 229, 239, 241 
eaves, 123, 231 
parapet, 134, 229 
valley, 229, 241 
Gypsum, 15 
plaster, 283-4 

Gyration, radius of, 189-90, 192 

Halving, 103, 104 
dovetailed, 138 
Handrails, 162 

Hanging-beam, use of, in ceilings, 
121-2 

Hardwoods— 

Australian, 66-72 
uses of, 10, 86-7, 115. See also 
Timber, local uses of 
average weight of, 182 
connectors for, 108 
safe fibre stress of, 181 
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Headers in brickwork, SI 
Heart rot in timber, 63 
Heating, 277-8 

by electric radiator, 277 

by gas fire, 277 

by open fire, 277 

by slow combustion stove, 277 

by unit heaters, 278 

central, 278 

plenum, 278 

S.A.A. rules for electric, 262, 263 
Hickory, Cairns, 68 
Hipped roofs, 123-4 
Hornblende, 14 

Hospitals, electric installations in, 
263 

Hotels, electric installations in, 263 
Housing, 103, 104, 140 
dovetailed, 138 
shouldered, 140 
stopped, 140 
Howe truss, 216 

Insect attacks on timber, 64-5 
Installations, electrical, 259-76 
conductors for, 264-6 
conduit for, 268-9 
earthing arrangements for, 266-8 
fittings for, 270, 272-3 
lighting, 273-6 

maximum demand in mains and 
sub-mains of, 262-3 
meters for, 260 
outlets for, 266, 269-70 
supply mains for, 259-60 
switchboards for, 260-2 
Insulation- 
electrical, 264 
sound, 95, 113 

temperature, 95, 98, 102, 120 

and roofing, 227, 229, 231, 233, 
235, 236, 296 

Iron roofing, galvanized. See Galvan¬ 
ized iron roofing 
Ironbark, 10, 92, 93 
broad-leaved, 64, 67, 86 
grey, 64, 68, 86 
heart rot in, 63 
narrow-leaved, 64, 69 
narrow-leaved red, 87, 92 
red, 64, 70, 87, 93 
silver, 70 
Ironbox— 
grey, 68 
yellow, 72 
Iron wood, 64, 73 
Cook town, 92 


Jack apple, 79 
Jack wood, 79 
Jacket, yellow, 72 
Jamb linings, 144, 146 
Jarrah, 63, 64, 68, 86, 93, 94, 115 
Joggles in masonry, 20-2 
Johnstone River hardwood, 92 
Joinery, 138-66 
cupboard, 163-6 
door, 144-9 
fanlight, 149-50 
finish in, 144 
fixings, 142, 144, 154-5 
joints used in, 138-40 
mouldings, 142 
stair, 155-62 

timbers suitable for, 86, 87, 88, 89, 
90 

window, 150-4 
See also Carpentry 
Joints— 

for soft boards, 95, 96 
in brickwork, 31, 45-6 
in carpentry, 103-6 
in joinery, 138-40 
in masonry, 20-2 
Joists— 

ceiling, 113, 121-2 
floor, 108-9, 111, 113, 122 
rolled steel, 170, 183-4 
plated, 185-6 
Jugla?is nigra , 83 

Kahikatea, 84 
Kalsomine, 297-8 
Karri, 69, 86, 93, 94 
Kauri- 

New Zealand, 84, 91 
North Queensland, 83, 90 
Northern, 83 
Queensland, 83 
South Queensland, 83 
Keyed joint, 46 
Kiln drying of timber, 65 
King bolt truss, 132 
King closer, 31 

King post truss, 128, 129, 216 
Kitchen cupboards, 163-6 
Knots in timber, 62 
Kosciusko glass, 301 

Laminating, 103, 104, 106 
Lampholders, 270, 272 
Lance wood, 78 
Landings, 156, 159, 181 
Lantern lights, 150 
Lapping, 103 
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Lathing, plastering on, 284 
La u an— 
red, 84 
white, 84 
Laup, 83 

Laylights, glass, 235. 236 
Lead roofing, 227, 235 
Leaf-gilding of glass, 305-6 
Lean-to roofs, 123 
Libraries, loading of floors of, 181 
Lighting, electric, 273-5 
diffused, 273-4 
direct, 273 
direct diffused, 274 
fluorescent, 275-6 
indirect, 274-5 
S.A.A. rules for, 262, 263 
Lime- 

in brickwork, 26-7 
in plastering, 280 
putty plaster, 282, 283 
wash, 299 
Limestone, 15, 182 
IAtsea reticulata, 74 
Load- 
dead, 218 
line, 220, 222 
live, 218 
wind, 218, 220 
Loading— 

of beams, 111-13, 181-2 
of columns, 188-90 
eccentric, 192 

of floors, 108-9, 110, 111-13, 181 
of timber, 63-4 
of trusses, 217-18, 220 
London water supply, 242 
Lucuma galactoxyla, 77 
Luster, red, 71 

Mahogany, 67, 69, 86, 115 
brush, 74, 88 
forest, 70 
miwa, 76 
prickly, 69 
red, 70, 87, 92, 93 
rose, 77, 92 
southern, 93 
swamp, 71, 87 
white, 64, 69, 92, 93 
Mains— 

electrical supply, 259-60 

and sub-mains, maximum de¬ 
mand in, 262-3 
water, 242, 243 
Maple- 
bird’s-eye, 91 


Maple —con tinned 
Macquarie, 75 
New South Wales, 78 
Pacific, 84, 91 
Queensland, 75, 76, 88 
rose, 77 
scented, 92 
silver, 79 
southern, 77 
tully, 74 

Marble, 14, 15, 24, 48, 182 
Marri, 94 

Marseilles pattern tiles, 231 
Masonry, 14-25 
dressings and facings in, 22-5 
finish in, 20 
joints used in, 20-2 
materials used in, 14-16, 20 
types of, 16-20 
use of boards with, 95, 96 
See also Stone 
Matai, 84, 91, 115 
Melai azderach, 80 
Mel bourne- 

building regulations in, 328 
sewerage regulations in, 249 
water supply, 242 
Messmate, 67, 71 
broad-leaved, 71 
Gympie, 92 
yellow, 92 
Metal work- 
painting of, 296 
building uses of, 54-7, 227. 235 
Meters— 
electric, 260 
water, 243 
Mica, 14 

Mill Rolled glass, 303 
Mission tiles, 231, 237 
Mitre joint, 103, 140 
butt and, 140 
rebate and, 140 
tongue, groove, and, 140 
Moderne Fluted glass, 302 
Modulus— 
of elasticity, 180 
section, in beams, 179 
Moment- 

bending, 172, 174, 176 
of a force, 170 
of inertia, 179-80 
of resistance, 171, 315-16 
Morocco glass, 301 
Pinhead, 302 
Mortars— 

in brickwork, 27-8 
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Mor t a rs—co n t i n u ed 
in plastering, 280 
in stonework, 20 

Mortise and tenon joint, 103, 104, 
140 

Motors, electrical, S.A.A. rules for, 
263 

Mouldings, 142 
for doors, 147-8 
Mud as a foundation, 4-5 
Muntz metal roofing, 227, 235 
Musk wood, 76, 88 
Myrtle- 
red, 79 

Tasmanian, 79, 89 
Nailing— 

of building boards, 96, 98 
of galvanized iron, 229 
of slate roofing, 233 
secret, in joists, 115 
Nangle, James, 310 
Neutral axis of beams, 171-2 
New South Wales— 

building regulations in, 327-8 
timbers principally used in, 93 
New York water supply, 242 
Newcastle, sewerage regulations in, 
249 

Newels, 162. See also Stairs, newel 
Notching, 103, 104 
Nothofagus mooreiy 72 
cunninghamii, 79 

Oak— 

Australian, 75 
black tulip, 73 
blush tulip, 73, 88 
brown tulip, 74, 88 
bull, 75, 92 
bull silky, 78 
forest, shingles of, 237 
Japanese, 83, 91 
northern silky, 78, 92 
Pacific, 83 
pink silky, 74 
Siberian, 83 
silky, 78-9, 89 
southern silky, 79, 89 
stain, 75 

Tasmanian, 66, 75, 115 
Oblique tenon joint, 103 
Offices, electrical installations in, 263 
O.K.. face bricks, 28, 29 
Olearia argophylla, 76 
Olivine, 14, 15 
Onumba, 83 


Oolite, 15 

Oregon, 66, 82, 84, 91, 106 
safe fibre stress of, 181 
Oriental wood, 76 

Outlets in electrical installations, 266, 
269-70 
power, 270 

Paint- 

bases for, 293 
cement, 297 
driers for, 294 
enamel, 297 
fillers for, 293 
pigments for, 294 
ready-mixed, 295, 296 
solvents for, 294 
texture finishes for, 297 
vehicles for, 293-4 
water, 297-8 
See also Painting 
Painting- 

importance and objects of, 292 
materials used in, 292-5 
method of, 296-7 
of boards, 98 
of roofs, 236-7, 296 
preparation for, 295-6 
special finishes in, 297-9 
See also Paint 

Panelling, timbers suitable for, 88, 
89, 90 

Paper on board walls, 102 
Parashorea, 84 
Parquetry, 91, 115 

Peeling, rotary, for veneers, 100, 102 
Penda— 
brown, 92 
red, 92 

Peppermint, 69-70, 87 
broad-leaved, 70, 93 
narrow-leaved, 70 
Sydney, 70, 93 
Perpends in brickwork, 31 
Phebalium squatneus, 78 
Fhyllocladus rhomboidalis, 81 
Picea excelsis, 85 
Piers— 

as footings, 9-10 

in brickwork, 34 

in floor construction, 108 

in timber frame construction, 118 

shoring of, 318 

sleeper, 27 

Picture rails, 142, 155 
Piles, 10-13, 87 
sheet, 13 
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Pine- 

black, 79, 84 
black cypress, 82 
brown, 81, 90 
brush, 81 
bunya, 81, 90 
celery-top, 81, 90, 93 
colonial, 82, 90 

cypress, 64, 82, 90, 92, 93, 115, 118 

Dorrigo, 82 

hoop, 82 

Huon, 82, 90 

kauri, 83 

King William, 82, 90 
mountain, 82 
Murray, 82 

New Zealand white, 84, 90 
plum, 81 
putt’s, 79 

Queensland, 81, 82 
radiata, 85, 90, 94 
red, 82, 85 
Richmond River, 82 
she, 81 

western cry press, 82 
western sand cypress, 82 
white Baltic, 85, 90 
white cypress, 82, 90 
yellow, 79, 81 
Pinewoods— 

Australian, 66, 81-3, 90 
imported, 84-5, 91 
uses of, 90, 91. See also Timber, 
local uses of 
Pinus insignis , 85 
radiata , 5 

Pipe in timber, 63 
Pipes— 

sewer, 249-50 
water, 242, 243-4 
hot, 248-9 
Pisalite, 15 
Plaster- 
acoustic, 284 
fibrous, 285-7 
gypsum, 283-4 
hard, 284 

lime putty, 282, 283 
of Paris, 284-5 
See also Plastering 
Plastering, 280-7 
exterior, 280-2 
finish in, 282, 283-4 
interior, 283-7 
over brickwork, 48 
See also Plaster 


Plastics, 167-9 
casting of, 168 

compression moulding of, 167-8 
extruded, 168 
injection moulding of, 168 
laminated, 169 
thermo-, 167, 168 
thermo-setting, 167, 168 
uses of, 168, 169 
Plate glass, 300-1 
fire-polished, 301 
Plenum heating, 278 
Plenum ventilation, 2^79 
Plumbing- 
house, 242-58 
roof, 237-41 
upper floor, 257-8 
See also Sewerage and Water su 
ply and service 
Plumwood, 76 

Plywood, 98-100, 118, 130, 169 
timbers suitable for, 88, 89, 90 
See also Veneers 
Podocarpus dacrydioides, 84 
elata, 81 
spicata, 84 

Pointing in plastering, 282 
Polar diagram in truss design, 222 
Porphyry, 14 

Portland cement, 27, 102, 193-4 
Posts, storey, 110-11 
Power outlets, 270 
Pressure, theories of, 310-12 
application of, 312-16 
Pseudotsuga taxifolia , 84 
Punk in timber, 63 
Purlin truss, 132, 216 
Purlins, 123, 126-8, 129-30, 226 
Pyramid glass, 302 

Quandong— 
blue, 73 
white, 73 
Queen closer, 31 
Queen post truss, 128, 129, 216 
Queensland— 

building ordinances in, 327 
timbers principally used in, 92 
Quercus cr ispul a, 83 

Radiators, electric, 277 
Rafters, 123, 124 
Rails— 
door, 146 
frieze, 147 
picture, 142, 155 
Railings, metal, 57 
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Raking flashing, 238-9 
Randerson, H. Y., 277 
Rebated joint, 96, 140 
Redwood, 85, 91, 237 
Reeded Figured Rolled glass, 302-3 
Render, thickness of, in plastering, 
280, 282 

Retaining walls, 308-16 
for small dams, 308-10 
methods of construction of, 312-16 
theories of construction of, 310-12 
types of, 316 

Reticulated face in stone, 20 
Rhodosphaera rhodanthema , 81 
Ridges— 
ventilating, 229 
capping for, 229 
Rimu, 85, 91, 115 
Rings in timber, annual, 60 
Riveting— 
of beams, 184-6 
in truss construction, 224-6 
Rock- 

aqueous, for building 14, 15 
-faced stone, 20 
igneous, for building, 14-15 
metamorphic, for building, 14, 15 
sound, as a foundation, 2, 3, 9 
sound shale, as a foundation, 2, 3, 
9 

Roofs, 123-37, 227-37 
asbestos cement, 124, 130, 229 
asphalt, 227, 233, 235 
bituminous, pliable, 227, 233-5, 
237 

colour of 236-7, 296 
copper, 227, 235 
coupled, 123 
design of, 214-26 
flat, 123, 235 
gabled, 123 

galvanized iron, 124, 130, 227-9, 
235, 236, 237, 296 
glass, 235-6 
hipped, 123-4 
lead, 227, 235 
lean-to, 123 
niuntz metal, 227, 235 
plumbing for, 237-41 
shingle, 227, 231 
slate, 227, 231-3 
tiled, 124, 227, 229, 231 
trussed, 128-34 
zinc, 227, 235 
Rosewood, 77, 89 
swamp, 76 


Rot in timber- 
dry, 63 
heart, 63 
wet, 63 

Rotary peeling for veneers, 100 
half, 102 

Rough Cast glass, 303 
Round raked joint, 46 

R. S.J. See Joists, rolled steel 
Rubber for flooring, 290-1 

plastic, 290-1 
tiled, 291 
Rubble, 16-18 
coursed, 18 
dry, 18 
random, 18 
squared, 18 

S. A.A. See Standards Association of 

Australia 

Sand— 

as a building foundation, 2, 4, 9, 
10, 13 

in concrete, 194, 195 
Sand-blasting of glass, 306 
Sandstocks, 28 
Sandstone, 15, 182 
Sapwood, 60-1, 64 
Sassafras, 77, 89. 
black, 79 
canary, 77 
grey, 77 
Tasmanian, 78 
Satinash, grey, 92 
Satinay, 78, 89, 92 
Satinwood, 78, 89 
scented, 75 
tulip, 81 

Saw-tooth truss, 132-4, 216 
Scagliola, 25 
Scarfed joints, 103 
Schizomeria ovata, 80 
Seasoning of timber, 65-6 
by air drying, 65 
by kiln drying, 65 
by water, 66 

Section modulus in beams, 179 
Semi-storage hot water system, 248 
Septic tanks, 254-6 
Sequoia sempervirens, 85 
Sewerage, 249-57 
chemical closet, 256 
for upper floors, 257-8 
septic tank, 254-6 
water-carriage, 249-54 
W.C. fittings for, 256-7 
See also Plumbing 
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Shakes in timber, 63 
Shale rock, sound, as a foundation, 
2, 3, 9 

Shear in beams, 176-9 
Shear plates, 106, 108 
Shingle tiles, 231, 237 
Shingles, 91, 227, 231, 237 
Shops— 

electrical installations in, 263 
loading of floors of, 181 
Shorea, 84 
Shoring, 317-23 
flying, 317, 318, 320, 323 
raking, 317-18, 321, 323 
vertical, 317, 321 
Shutters, roller, 57 
Silk wood, 76 
holly, 75 
maple, 76 
red, 77 
silver, 79, 89 
Tarzali, 75 
white, 79 
Sills— 

brickwork for, 27, 39, 41 
of box frame windows, 152 
See also Windows 
Silt, as a foundation, 4-5 
Silver-top, 67 
Sinks, 257 
Sites, building, 1-6 
bearing value of, 2-6 
drainage of, 6 
selection of, 1 
testing of, 1-2 
Skirtings, 142, 155 
Skylights, 150 

prefabricated, 235 

Slab and T-beam construction, 206- 

11 

Slabs, reinforced concrete, 196, 197, 
206-8 
Slate, 15 

Slates for roofing, 227, 231-3, 237 

Slicing for veneers, 100 

Slip and tongue joints, 140 

Sloanea woollsii, 80 

Sloping grain in timber, 62-3 

Socketwood, 77 

Softwoods— 

Australian, 66, 72-81, 88-9 
average weight of, 182 
imported, 82, 91 
safe fibre stress of, 181 
uses of, 88-9, 91, 92-4, 144 
Sound insulation, 95, 113 


South Australian— 

building regulations in, 328 
timbers principally used in, 93 
Spans— 
large, 214 
small, 214 
Spandrels, 162 
Split rings, 106, 108 
Spotswood glass, 302 
Spray painting, 298 
Spruce, 85 

Square raked joint, 46 
Stain wood, 77 
Stairs, 155-6, 159, 162 
balusters of, 162 
dog-legged, 156 
geometrical, 156, 159, 162 
handrails of, 162 
landings of, 156, 159 
loading of, 181 
newel, 159, 162 
open, 156 

reinforced concrete, 211 
spandrels of, 162 
spiral, 156, 159 
straight, 156 
strings of, 159 
wells for, 113 

Standards Association of Australia— 
code for concrete, 195, 199, 202, 
206, 208, 327, 328 
code for structural steel, 199, 327 
code for welding, 328 
table for floor loading, 181 
table for weights of building 
materials, 182 

Wiring Rules, 259, 261, 262-3, 

264-5 

Stave wood, 73, 74 
Steel- 

beams, 170, 183-7 
columns, 187-92 
other building uses of, 54, 57 
safe fibre stress of, 182 
Step flashing, 237-8 
Steps, 27, 159-62. See also Stairs 
Stippolyte glass, 302 
Stone- 

building, 14-16 
facing, 22-4 
for footings, 9 
pre-cast, 24 
walling, 16-20 
See also Masonry 

Storage tank hot water system, 248 
Stove, slow combustion, 277 
Straight joint, 31 
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Stress- 

diagram, 222-3 
safe fibre, 180-1 
shearing, 176-9 
Stretcher, in brickwork, 31 
Stringers, 121-2 
Slringy-bark, 71, 87 
brown, 93, 94 
brown-top, 71 
gum-top, 66, 93 
messmate, 93, 94 
red, 70, 87, 92, 93 
South Australian white, 94 
white, 71, 72, 87, 92, 93 
white-top, 67 

yellow, 64, 69, 72, 87, 92, 93 
Struck joint, 46 
Struts. See Columns, timber 
Subsoil drainage, 6 
Sugar bark, 74 
Swimming pools, tiled, 289 
Switches, 272-3 
Switchboards, 260-2 
control of, 262 
distribution of, 261 
main, 260-1 
sub-installation, 261-2 
Sycamore- 
satin, 78, 89 
silver, 79, 89 
Syncarpia hilii , 78 
laurifolia, 71 
Sydney— 

building regulations in, 15, 3/, 
327-8 

sewerage regulations in, 249, 250 
water supply, 242 
Technical College, definitions 
adopted by, 1 
Syenite, 14 

Tallow-wood, 64, 71, 78, 87, 92, 93, 
115 
Tanks— 

hot water storage, 248 
septic, 254-6 

water service from, 242, 244 
Tarrietia actinophylla , 73 
argyodendron , 74 
Tasmania— 

building regulations in, 328 
timbers principally used in, 93 
T-beams, 206, 208-10 
Teak, 80, 89 
colonial, 80 
grey, 80 


Temperature insulation. See Insula¬ 
tion, temperature 

Tension members in truss design, 
224 

Termites— 

preventive measures against, 64, 
108 

resistance of materials to, 64, 84, 
85, 95, 102 
Terra-cotta- 
air bricks, 41 
facing, 24 
lumber, 50 

tiles, 229, 231. 233, 236, 237 
Terrazzo, 24-5, 48 
Thermo-plastics, 167, 168 
Thresholds, 48 
Tues¬ 
day, 288-9 
cork, 289-90 
glass, 235 
rubber, 291 
terra-cotta, 229, 231 
colour of, 236 
Marseilles pattern, 231, 237 
mission, 231, 237 
shingle, 231, 237 
weights of, 237 
See also Tiling 
Tiling— 

of floors, 289-90, 291 
of roofs, 174, 227, 229, 231 
of swimming pools, 289 
of walls, 288-9 
See also Tiles 
Timber— 

and tree-growth, 60-1 
Australian, 66-83 
felling season for, 61 
general uses of, 85-90 
local uses of, 92-4 
connectors, 106, 108, 130-2, 216 
defects in, 62-3 
factors in choosing, 62-3 
figured, 72-81, 83-4, 88-9, 91 
frame construction, 95, 118 
from dead trees, 61 
imported, 83-5, 91 
insect attacks on, 64-5 
loading of, 63-4 
trusses, 126-34, 216-17, 224 
See also Hardwoods, Pinewoods, 
and Softwoods 
Trusses— 
composite, 132 
design of, 217-20 
fan, 132, 216, 220, 222-3 
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Trusses— continued 
Fink, 132 
Howe, 216 
king bolt, 132 

king post, 128, 129, 132, 216 
loading of, 217-18, 220 
parallel-sided, 216 
prefabricated, 226 
purlin, 132, 216 
queen post, 128, 129, 216 
roof, 214-26 
saw-tooth, 132-4, 216 
steel, 220-6 

timber, 126-34, 216-17, 224 
with timber connectors, 106, 130-2 
Tusk and tenon joints, 104 
Timbering of footings, 10 
Tongue, groove, and mitre joint, 
140 

Tongued and grooved joint, 140 
Toothed ring, 106, 108 
Trachyte, 14, 15, 20 
Transoms, 144 
Travertine, 15 
Tree growth, 60-1 

Triangle of forces, principle of the, 
218-19 

Trimming in floor construction, 113 
Tristania conferta, 67 
sauveolens, 71 
Truewood, 60-1, 64 
Tuart, 94 

Tuckpointing in brickwork, 46 
Turnip wood, 76 

Turpentine, 10, 64, 71, 78, 87, 92, 93 

Tusk tenon joints, 104 

Two-coat work in plastering, 280 

Underpinning, 321-3 
Unit heaters, 278 

Varnish, 298 
Veneers, 98, 100-2, 169 

timbers suitable for, 88, 89, 91 
See also Plywood 
Ventilation, 278-9 
and heating, 277 
by air bricks, 41 
by ridges, 229 
combined, 279 
cross, 41, 149 
exhaust or vacuum, 279 
plenum, 279 
roof, 134, 229 
under-floor, 41, 64 
Verandas— 
floors for, 115 


Ver a n d as—co n tinned 
piers for, 27 
roofs for, 122, 137 
Vermiculated face in stone, 20 
Vibrators, use of, for concrete. 197 
Victoria- 

building regulations in, 328 
timbers principally used in, 93 
Villaresia moorei, 78 
V-joints, 95, 96 

Walnut— 

American, 83 
Australian, 76 
black, 83, 91 
blush, 74, 88 
New Guinea, 83 
New South Wales, 76, 88 
Queensland, 76, 89 
rose, 77, 89 
yellow, 92 
Walls- 

brick cavity, 31-4. See also Brick¬ 
work 

building boards for, 95-6, 98 
fibrous plaster, 118, 285 
plastering of, 280-4 
retaining, 308-16 
shoring of, 317-21 
stone, 16-20. See also Masonry 
thickness of, 34, 37-41 
tiles for, 288-9 
wing, 27 
Wandoo, 94 
Waratah, tree, 75 

Warehouses, loading of floors of, 181 
Warren girder, 216 
Washboard glass, 302 
Water-carriage sewerage system, 249- 
54 

construction of, 250-3 
testing of, 253 4 

Water closets, 242, 253, 256-7, 258 
See also Cisterns 

Water-seasoning of timber, 65, 66 
Water supply and service, 242-6 
hot, 246, 248-9, 262, 263 
See also Plumbing and Sewerage 
Waterproofing of plastering, 282 
Wavedey glass, 301 
Wax polish, 298 
W.C. See Water closets 
Weatherboards, 95, 102, 118, 120 
timbers suitable for, 86, 87, 88, 91 
Web reinforcement, 211 
Welding— 
of beams, 186-7 
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Welding —continued 
of trusses, 218, 224 
S.A.A. code for, 328 
Wedge Theory. 310-11 
Wedging— 

fox or folding, 106 
foxtail, 106 

Western Australia, timbers princi¬ 
pally used in, 94 
White ants. See Termites. 

White wood, 79 
Winders, 159, 162 
Windows, 150-4 
balanced sash, 152-3, 154 
board, 154 

box frame, 150, 152, 154 
casement, 150, 153 


Windows —con tinued 

horizontal sash sliding, 150, 153 
louvred, 150, 153 
metal frame, 54 
sash, 153-4 

vertical sliding sash, 150, 152, 153, 
154 

Woollybark, 71 
Woollybutt, 66, 67, 71, 93 

Yellow-wood- 
deep, 81 

light, 77 
Yertchuk, 93 

Zinc roofing, 227, 235 
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